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A b s  t r a c t
T e m p o r a l  l o b e  c o r t e x  w a s  f o u n d  to be e s s e n t i a l  to the 
i n i t i a l  p r o c e s s i n g  of odor i n f o r m a t i o n  w i t h i n  th e  c o r t e x .  
T h i s  b r a i n  a r e a  c a n  r e c o g n i z e  p r e v i o u s l y  s m e l l e d  o d o r s  
i n d e p e n d e n t  of d a m a g e d  o r b i t o f r o n t a l  c o r t e x .  In c o n t r a s t ,  
o r b i t o f r o n t a l  c o r t e x  was f o u n d  to be e s s e n t i a l  to 
i d e n t i f y i n g  o d o r s  a n d  a t t a c h i n g  a v e r b a l  or n o n v e r b a l  
l a b e l  to o d o r  s t i m u l i .  T h e s e  f i n d i n g s  w e r e  o b s e r v e d  in 
t h r e e  b r a i n - d a m a g e d  g r o u p s ,  t h o s e  w i t h  left h e m i s p h e r e  
s t r o k e  (CVA ) ,  r i g h t  h e m i s p h e r e  CVA, a n d  t r a u m a t i c  b r a i n  
i n j u r y  (TBI). T h e  d i f f e r e n t i a l  p a t t e r n  of p e r f o r m a n c e  
o b s e r v e d  for C V A  an d  TBI s u b j e c t s  on o d o r  i d e n t i f i c a t i o n  
and o d o r  r e c o g n i t i o n  t a s k s  s u g g e s t s  t h a t  t e m p o r a l  lobe a n d  
o r b i t o f r o n t a l  o l f a c t o r y  a r e a s  h a v e  d i s t i n c t  r o l e s  in odor 
m e m o r y  f u n c t i o n i n g .
T e m p o r a l  o l f a c t o r y  c o r t e x  c a n  p r o c e s s  odor 
i n f o r m a t i o n  for s t o r a g e  in m e m o r y  a n d  c a n  us e  that 
i n f o r m a t i o n  to r e c o g n i z e  p r e v i o u s l y  s m e l l e d  o d o r s ,  e v e n 
w h e n  o r b i t o f r o n t a l  o l f a c t o r y  a r e a s  a r e  d a m a g e d .  H o w e v e r ,  
odor i d e n t i f i c a t i o n  u s i n g  e i t h e r  a v e r b a l  or n o n v e r b a l  
( p i c t o r i a l )  lab e l  r e q u i r e s  i n t a c t  o r b i t o f r o n t a l  o l f a c t o r y  
f u n c t i o n i n g ,  a n d  o r b i t o f r o n t a l  a r e a s  a p p e a r  to be 
d e p e n d e n t  u p o n  t e m p o r a l  a r e a s  for o d o r  i n f o r m a t i o n  input. 
T h e  C o n n e c t i c u t  C h e m o s e n s o r y  C l i n i c a l  R e s e a r c h  C e n t e r  T e s t  
( C C C R C )  w a s  u s e d  to t e s t  o l f a c t i o n .  In a s e p a r a t e  p i l o t  
s t u d y ,  a h i g h l y  c o m p a t i b l e  n o n v e r b a l  odor i d e n t i f i c a t i o n
v i i
p r o c e d u r e  a n d  a 15 m i n u t e  d e l a y e d  odor r e c o g n i t i o n  
p r o c e d u r e  w e r e  a d d e d  to e n h a n c e  t h e  s t u d y  of o l f a c t o r y  
m e m o r  y .
v 1 i i
Introduction and Review of the Literature
Damage to temporal lobe and orbitofrontal brain 
structures can result In olfactory memory deficits. 
Behavioral evidence for odor memory disturbance is 
available In several studies that have shown that 
olfactory memory problems can result from damage to 
thalamic, temporal lobe, and orbital frontal brain areas. 
However, only a few studies have examined the individual 
roles that specific cortical areas play in various aspects 
of odor memory functioning, such as odor identification, 
or the less involved task of recognizing previously 
smelled odors without having to identify them, or 
differences In verbal versus nonverbal olfactory memory 
functioning. The purpose of this study was to investigate 
the effects of temporal lobe and orbitofrontal lobe damage 
upon these and other aspects of olfactory functioning and 
odor memory processes.
Olfactory disorders can result from a number of 
pathological conditions. Disorders affecting the nasal 
passages, such as sinus conditions, hay fever, or upper 
respiratory infections can impair olfaction. In addition, 
neurological conditions that produce focal lesions in 
orbital frontal and temporal lobe areas of the cortex, and 
degenerative neurological disorders that involve both
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c o r t i c a l  and s u b c o r t i c a l  d a m a g e  c a n  p r o d u c e  o l f a c t o r y  
d i s t u r b a n c e s .  D i s o r d e r s  at s m e l l  h a v e  r e c e i v e d  l i t t l e  
a t t e n t i o n  an d  lack the w e l l  k n o w n  l a b e l s  of o t h e r  s e n s o r y  
d e f i c i t s  as in b l i n d n e s s  a n d  d e a f n e s s .  A n o s m i a ,  the 
t e c h n i c a l  t e r m  for d i s o r d e r s  of s m e l l ,  c a n  l e a d  to .altered 
l e v e l s  of food i n t a k e  in a f f l i c t e d  i n d i v i d u a l s  an d  ca n  
s e v e r e l y  l i m i t  the a b i l i t y  of p a t i e n t s  to d e t e c t  
e n v i r o n m e n t a l  h a z a r d s  s u c h  as s m o k e ,  fu m e s ,  a n d  t o x i c  
c h e rn 1 c a 1 s .
T h e  p r e s e n t  s t u d y  e x a m i n e d  t h e  e f f e c t s  of to l a teral 
orliiti'ft cnt.il co r t i ca 1 d a m a g  e r e s u l t i n g  f r o m  tra umn tin 
b r a i n i n j u r y  (TBI i an d  uni l a t e r a l  t e m p o r a l  lube d a m n  ge 
asset iated w i t h  c e r e b r a l  v a s c u l a r  a c c i d e n t  ( <"VA 1 or 
r.t r ■■■ke, up.Ti odor m e m o r y  f u n c t i o n i n g .  Odor i d e n t i f i ca t i on 
a b i l i t y  t e s t i n g  is- the mo:, t. c o m m o n  met find of a s s e s s i n g  
o l f a c t o r y  d i s o r d e r s  in c l i n i c a l  s e t t i n g s .  An e x p a n d e d  
v e r s i o n  of the C o n n e c t i c u t  Chf-ncspnsoi y C l i n i c a l  R e s e a r c h  
r e n t e r  (CCCRC) o l f a c t o r y  test, d e v e l o p e d  by C a in,
G u o d s p e e d ,  G e n t , and L e o n a r d  (1988) was e m p l o y e d  in the 
p r e s e n t  s t u d y .  A d d i t i o n a l  q u a n t i f i c a t i o n  of th e  C C C R C  was 
c o n d u c t e d  to i m p r o v e  its s t a nd a r d i za t i o ri, and the C C C R C  
m e t h o d o l o g y  was e x t e n d e d  to i n c l u d e  a n o n v e r b a l  odor 
m e m o r y  c o m p o n e n t  an d  a 1 m i n u t e  d e l a y e d  odor r e c o g n i t i o n  
component. .
T h e s e  r e f i n e m e n t s  a l l o w e d  for c o m p a r i s o n s  b e t w e e n  
odor i d e n t i f i c a t i o n  a b i l i t y  arid odor r e c o g n i t i o n  a b i l i t y
3
in t h r e e  b r a i n  d a m a g e d  g r o u p s ,  o r b i t o f r o n t a l  TBI, left 
t e m p o r a l  l o b e  CVA, and r i g h t  t e m p o r a l  l o b e  CVA.
A n a t o m i c d l l y ,  t e m p o r a l  l o b e  o l f a c t o r y  a r e a s  a r e  the 
i n i t i a l  p r o c e s s i n g  s i t e  for o l f a c t o r y  i n f o r m a t i o n  w i t h i n  
th e  b r a i n ,  t h e y  r e c e i v e  input d i r e c t l y  f r o m  th e  o l f a c t o r y  
bulb. D a m a g e  to t e m p o r a l  o l f a c t o r y  c o r t e x  w o u l d  tie 
e x p e c t e d  to i n t e r r u p t  o l f a c t o r y  i n f o r m a t i o n  p r o c e s s i n g  
w i t h i n  t h e s e  i n i t i a l  o l f a c t o r y  a r e a s ,  an d  l i m i t  or p r e v e n t  
odor info r m a l  ion p r o c e s s i n g  in o t h e r  b r a i n  s t r u c t u r e s  that 
r e c e i v e  odor i n f o r m a l  iori after it p a s s e s  t h r o u g h  t h e s e  
t e m p o r a l  1 mix' o l f a c t o r y  a r e a s .  T h i s  w a s  f o u n d  to tie the 
c a s e  in th e  present, s t u d y .  U n i l a t e r a l  C V A  { r e s t r i c t e d  to 
one h e m i s p h e r e  of the b r a i n )  p r o d u c e d  a g e n e r a l  odor 
m e m o r y  i m p a i r m e n t  (odor i d e n t i f i c a t i o n  an d  odor 
r e c o g n i t i o n ) ,  a f f e c t i n g  t h e  ipsi l a t e r a l  n o s t r i l  (i.e., t fie 
n o s t r i l  or. the s a m e  s i d e  (f the lie ad as the d a m a q e d  
h e m i s p h e r e ) ,  A m o r e  s p e c i f i c  odor m e m o r y  d e f i c i t  was. 
oh: e r v e d  w h e n  b r u i n  d a m a g e  w a s  p r i m a r i l y  o r b i t o f r o n t a l  
( f r o 1 1 1 a 1 lobe t i s s u e  d i r e c t l y  a b o v e  e y e s )  an d  bi 1 at er a 1 us 
o b s e r v e d  in T B I . TBI s u b j e c t s  e x h i b i t e d  h i g h l y  i m p a i r e d  
odor i d e n t i f i c a t i o n  a b i l i t i e s ,  h o w e v e r  t h e i r  odor 
r e c o g n i t i o n  a b i l i t i e s  w e r e  at n e a r l y  n o r m a l  l e v e l s .  
O r b i t o f r o n t a l  b r a i n  a r e a s  r e c e i v e  o l f a c t o r y  input a f t e r  it 
passes, t h r o u g h  t e m p o r a l  o l f a c t o r y  a r e a s  and t h u s  d e p e n d s  
u p o n  e s s e n t i a l l y  in t a c t  t e m p o r a l  lobe o l f a c t o r y  s t r u c t u r e s  
to r e c e i v e  a n d  p r o c e s s  odor i n f o r mu t. i < >n , The1 m e t h o d o l o g y
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e m p l o y e d  in a r r i v i n g  at t h e s e  and s e v e r a l  r e l a t e d  
o b s e r v a t i o n s , and the r a t i o n a l e  b e h i n d  t h e  c o n c l u s i o n s  
d r a w n  f r o m  t h e s e  o b s e r v a t i o n s  a r e  p r o v i d e d  b e l o w .  A r e v i e w  
of t h e  o l f a c t o r y  s y s t e m  and a r e v i e w  of b o t h  g l o b a l  and 
s p e c i f i c  o l f a c t o r y  m e m o r y  d i s o r d e r s  will p r o v i d e  the 
b a c k g r o u n d  for b e t t e r  u n d e r s t a n d i n g  the r e s u l t s  of the 
p r e s e n t  s t u d y .
T h e  O l f a c t o r y  S y s t e m
The h u m a n  o l f a c t i o n  s e n s o r y  s y s t e m  has b e e n  d e s c r i b e d  
as the m o s t  n e g l e c t e d  of h u m a n  s e n s o r y  s y s t e m s  (Fngen,
19 9 2). R e c e n t  i n t e r e s t  in o l f a c t o r y  f u n c t i o n i n g  and 
disorder:: of th e  o l f a c t o r y  s e n s e  has c o u n t e r e d  this
n e g l e c t  ( S c h a b , 1 ̂  11 1 ) . T h e  f o l l o w i n g  r e v i e w  of the
o l f a c t u r y  s y s t e m  will d r a w  f r o m  c l a s s i c a l  d e s c r i p t i o n s  of 
t h i n  s e n s o r y  : y. tern and f r o m  r e c e n t  f i n d i n g s  t h a t  d i i f e r  
w i t h  t fie c l a s s i c a l  view.
T h e  i i 1 f a c t o r y e p i t h e l i u m  is- l o c a t e d  in th e  s u p e r i o r  
part, of e a c h  n o s t r i l  c o v e r i n g  t tie s e p t u m  a n d  f o l d i n g  over 
t h e  s u p e r i o r ,  and a p o r t i o n  of the m i d d l e ,  t u r b i n a t e  hones, 
as s e e n  in F i g u r e  1. T h e  e p i t h e l i a l  me m b  r a n e is a b o u t  2 ■ 4 
s q u a r e  c e n t i m e t e r s  in e a c h  n o s t r i l  and c o n t a i n s  the 
r e c e p t o r  c e l l s  for odo r .  T h e s e  r e c e p t o r s  a r e  b i p o l a r  c e l l s  
w h i c h  ar e  m o r p h o l u g i c a l l y  d e r i v e d  f r o m  c e n t r a l  n e r v o u s  
s y s t e m  t i s s u e  ( G u y t o n ,  19 6 7 ) .  A p p r o x i m a t e l y  100 m i l l i o n  of 
t h e s e  c e l l s  a r e  in the e p i t h e l i u m  s u r r o u n d e d  by 
s u s t. e n t a c u 1 a r ( s u p> p o r t i ri g ) c e l l s .
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O lfactory ta lk
Turbl&ata t c o M  
X u t i  Cawl
Figure 1. The Olfactory Structures Within the Nasal 
Passages
Bowman's glands ar« spaced among the olfactory 
cells, and secrete mucus onto the surface of the olfactory 
membrane (Figure 2). At the mucosal end of each olfactory 
cell are t to 12 cilia or olfactory halts that extend In 
the mucosal layer of the epithelium. The cilia respond to 
odors in the nasal airway and stimulate the olfactory 
cells. Substances that cause olfactory stimulation must be 
volatile in order to be sniffed into the nostrils. Also, 
they must be slightly water soluble to pass through the
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m u c o s a ,  an d  l i pid s o l u b l e  s i n c e  the c i l i a  a r e  p r i n c i p a l l y  
c o m p o s e d  of l i p i d  m a t e r i a l  ( G u y t o n ,  198 7 ) .  O l f a c t o r y  
r e c e p t o r s  h a v e  a l i f e  s p a n  of a b o u t  30 d a y s  in h u m a n s  and 
40 d a y s  in t h e  m o u s e  ( S m i t h  an d  S h i p l e y ,  1992).
O l f a c t o r y  c e l l s  s e n d  a x o n s  t h r o u q h  the c r i b r i f o r m  
p l a t e  of the s k u l l  into the o l f a c t o r y  b u l b  w h e r e  c l u s t e r s  
of a p p r o x i m a t e l y  2 0 , 0 0 0  s u c h  a x o n s  will s y n a p s e  w i t h  a b o u t  
2 b m i t r a l  c e l l s  arid 60 s m a l l e r  t u f t e d  c e l l s .  The j u n c t i o n s  
witfi in t h e  o l f a c t o r y  b u l b  w h e r e  t h e s e  s y n a p s e s  o c cur are 
r o u n d  b o d i e s  r e f e r r e d  to as g l o m e r u l i  ( F i g u r e  2). T h e s e  
j unct i ons a r e  n u m e r o u s  w i t h i n  t h e  bul b .  F r o m  the ol f a c t o r y  
bulb, m i t r a l  and t u f t e d  cell:., p r o j e c t  to s e v e r a l  area:., of 
the b r a i n ,  m i t r a l  c e l l s  rormei't i nq w i t h  pr i mu r l 1 y 
ro*. .r<>r t i i a 1 r t r uct ur es , and t u f t e d  c e l l  s. pr o i ect r rig 
p r i m a r i l y  to d i e n r e p h a  1< - n an d  b r a i n s t e m  s t r u c t u r e s  
( G u y t o n ,  1 9 P ̂  . In a d d i t i o n ,  in rats: an d  priniat.es,,
p i •' ; er t i o ti:: f r ■ ■ n the m i t r a l  c e l l s  c o n n e c t  w i t h  structure:',
ipsi l a t e r a l  (sa m e  s i d e  of t tie n e r v o u s  system.' to the 
o l f a c t o r y  b u l b  f r o m  w h i c h  t h e y  a r i s e ,  w h i l e  s o m e  t u f t e d  
cells- m a y  s y n a p s e  w i t h  c e l l s  in t h e  a n t e r i o r  o l f a c t o r y  
n u c l e u s  t h a t  c o n n e c t  w i t h  th e  cent, r a l a t e r a l  ( o p p o s i t e  
s i d e )  o l f a c t o r y  b u l b  v i a  th e  a n t e r i o r  c o m m i s s u r e  (Frige n,
1 9 8 2). H o w e v e r ,  s u c h  c e l l u l a r  d i f f e r e n t i a t i o n  of 
c o n n e c t  inns has not b e e n  c l e a r l y  e s t a b l i s h e d  in h u m a n s ,  
and the p r o j e c t i o n s  f r o m  th e  o l f a c t o r y  b u l b  to m a n y  b r a i n  
s t r u c t u r e s  a r e  diffuse- an d  c o m p l e x .
7





S uataotacular c a lla  
O lfactory  c a ll  
O lfacto ry  c i l i a  
Hicua layar
Figure 2. The Olfactory Epithelium and Connections with 
the Olfactory Bulb
Connections with Lataral and Medial Olfactory Areas 
Montemurro and Brunl (19tB) have described the hunan 
olfactory anatomy from the origin of the olfactory fibers 
in the olfactory bulb to their terminations In the 
neocortex. The majority of olfactory fibers curve 
laterally from the trigone forming the lateral olfactory 
stria which connects with the primary olfactory cortex 
(Figure 3). The primary olfactory cortex has connections 
with the amygdaloid nucleus of the temporal lobe, the 
cortex of the uncus, and the parahlppocampal gyrus.
Together these sreas constitute the primary olfactory 
cortex of the human brain (Montemurro 4 Brunl, 1988).
These structures are sometimes referred to as the 
piriform lobe of the brain as they have a pear-like shape 
(from the Latin word "plrum" meaning pear) In someanlmals, 
where this area Is more distinct than In man.
r t r t h l p p o c u p t l
Cyra*
O c c lp lto tM p e n l
Ojrv*
Figure 3. A Ventral View of the Olfactory System.
(The left temporal lobe has been pulled to the left to 
expose more of the mesial temporal cortex).
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T h i s  a r e a  an d  a d j a c e n t  l a t e r a l  o l f a c t o r y  a r e a s  are 
s o m e t i m e s  c a l l e d  the e n t o r h i n a l  c o r t e x .  T h e  l a t e r a l  
o l f a c t o r y  area, e s p e c i a l l y  p a r t s  of t h e  a m y g d a l a  and the 
o v e r l y i n g  t e m p o r a l  c o r t e x ,  a n d  the p r e p l i i f o r m  and 
p i r i f o r m  a r e a s  a r e  t h o u g h t  to be i n v o l v e d  in t h e  m o r e  
c o m p l e x  a s p e c t s  of o l f a c t o r y  s e n s a t i o n  ( G u y t o n ,  1987).
F r o m  th e  l a t e r a l  o l f a c t o r y  a r e a  f i b e r s  p r o j e c t  to the 
m e d i a l  o l f a c t o r y  a r e a s ,  an d  f r o m  b o t h  m e d i a l  a n d  l a t e r a l  
area:- to the f r o n t a l  c o r t e x  ( F i g u r e  4), an a r e a  a l s o  
i n v o l v e d  in o l f a c t o r y  i n f o r m a t i o n  p r o c e s s i n g  ( M o n t e m u r r n  & 
Br u n i ,  19 8 9).
G u y t o n  (1987) d e s c r i b e s  the c l a s s i c a l  v i e w  that 
fiber: pr o  i e c t  d i r e c t l y  fi o m  the o l f a c t o r y  t r act t o the
mo d  M  1 o l f a c t o r y  a r e a  w h i c h  i n c l u d e s  m i d  portions- of the 
hr-i.r. -interior to t h e  hypot ha 1 a m  us ( F i g u r e  4). T h i s  g r o u p  
of n u c l e i  i n c l u d e s  the o l f a c t o r y  n u c l e u s ,  t h e  o l f a c t o r y  
t u b e r c l e ,  p a r t s  of the h y p o t h a  1a m u s , and other a d j a c e n t  
area:... F r o m  the m e d i a l  o l f a c t o r y  a r e a  s e c o n d a r y  t r a c t s  
s e nd input to m a n y  p o r t i o n s  of the l i m b i c  s y s t e m  and 
b r a i n s t e m  s t r u c t u r e s  (Guy'ton, 19 8 7 ) .  H o w e v e r ,  in 
d e s c r i b i n g  t h e s e  m e d i a l  c o n n e c t i o n s ,  M o n t e m u r r n  a n d  Bruni 
(1988) s t a t e  t h a t  a f e w  f i b e r s  f r o m  t h e  o l f a c t o r y  b u l b  
c u r v e  m e d i a l l y  at the t r i g o n e  to t e r m i n a t e  in th e  a n t e r i ' i  
o l f a c t o r y  n u c l e u s ,  w h i l e  a f e w  o t h e r s  c o n t i n u e  r a u d a l l y  
f r o m  the t r i g o n e  to t e r m i n a t e  in t h e  a n t e r i o r  p e r f o r a t e d
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substance (Figure 3). From these erees It Is difficult to 
trace the course of these fibers In humans. Hontemurro and 
Brunl (1996) state that recent evidence Indicates that the 
classical view of the medial olfactory area Is no longer 
tenable since these tracts are difficult, If at all 
possible, to trace In the human brain. Instead, medial 
structures may receive the majority of Input from fibers 






Figure 4. A Diagram of the Olfactory System Demonstrating 
Cortical Projections from the Primary Olfactory Areas of 
the Medial and Lateral Olfactory Cortex.
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The prevailing view of the olfactory system Is that 
the principal termination of the olfactory tract Is the 
piriform cortex In the mesial aspect (near the middle or 
inner plane) of the temporal lobe (Kopala t Clark, 1990). 
This part of the temporal cortex is the area described as 
the lateral olfactory area by Hontemurro and Bruni (1966). 
From here there are many connections to other structures 
of the limbic system including the perlamygdalold cortex, 
the entorhlnal cortex, the perihlppocampa1 cortex, the 
amygdala, and the hippocampus. Projections continue from 
these limbic areas on to the dorsal medial nucleus of the 
thalamus (Figure 5, from Kopala a Clark, 1990; cf. Figure 
4, from Guyton, 1967). Secondary fiber project from this 
region are to the orbitofrontal cortex.
I Orbl»fr»atil 
1 Cortex
\ .  Liter cl
0 1 f . c t o ^ 0 U « t o a T r « t
keceptor*
Olfactory I Plrlfore cortex
lull V  —
Doreel Hod1*1 
\ T  Rucleue Thilixii
Figure b. The Olfactory Cortex and Limbic Connections as 
Described by Kopala and Clark (1990).
12
Smith and Shipley (1992 ) present « slightly different 
view of olfactory anatomy. They term the lateral olfactory 
areas of the temporal lobes the primary olfactory cortex. 
Smith and Shipley (1992) describe direct connections from 
the piriform cortex to the orbitofrontal and Insular 
cortex and separate connections from the lateral 
entorhlnal cortex to the hippocampus. These connections 
can be seen schematically in Figure 6. This latter view of 
the olfactory system differs with that of Kopala and Clark 
(1990) primarily in terms of the proposed connections with 
the hippocampus and orbitofrontal cortex, which are 
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Figure 6. Schematic Diagram of the Olfactory Pathways as 
Described by Smith and Shipley (1992).
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In c o n t r a s t ,  K o p a l a  an d  C l a r k  (1990) d e s c r i b e  l i m b i c  
c o n n e c t i o n s  w h i c h  i n c l u d e  t h e  h i p p o c a m p u s  a l o n g  w i t h  oth e r  
l i m b i c  a r e a s  as a g r o u p  of s t r u c t u r e s  f r o m  w h i c h  s e c o n d a r y  
f i b e r s  c o n n e c t  w i t h  o r b i t o f r o n t a l  c o r t e x .  T h e s e  
d i f f e r e n c e s  a r e  l a r g e l y  the r e s u l t  d i f f i c u l t i e s  t r a c i n g  
t h e s e  f i b e r s  in th e  h u m a n  b r a i n .  The w e l l  e s t a b l i s h e d  
n o t i o n  of b o t h  a l a t e r a l  o l f a c t o r y  a r e a  w i t h i n  the 
t e m p o r a l  l o b e s  and o r b i t o f r o n t a l  o l f a c t o r y  a r e a s  are 
c o m m o n  to b o t h  d e s c r i p t i o n s  of o l f a c t o r y  c o r t e x
T h e  o l f a c t o r y  s y s t e m  is s i n g u l a r  a m o n g  the s e n s o r y  
s y s t e m s  in that u n l i k e  o t h e r  s e n s o r y  s y s t e m s  in w h i c h  the 
f l o w  of inf; rmat ion is f r o m  th e  t h a l a m u s  to t h e  c o r t e x ,  
t (ir ■ 1 f a c t o r y  p a t h w a y  g o e s  f r o m  c o r t e x  to the t h a l a m u s  anil 
l i m b i c  s t r u c t u r e s ,  t h e n  back to c o r t e x  ( K o p a l a  & C l a r k ,
19 9"; P a n s k y  a n d  Al l a n ,  19 8 0 ) ,  Th e  s e n s e  of tas t e ,  for 
e x a m p l e ,  is m e d i a t e d  in c o r t i c a l  a r e a s  a f t e r  r e c e i v i n g  
set.'i-ndary f i b e r s  f r o m  the t h a l a m u s  ( G i l m a n  4 N e w m a n ,
19 8 7) .
O n e  o t h e r  f e a t u r e  of the o l f a c t o r y  a n a t o m y  is w o r t h  
n o t i n g .  T h e  m e s i a l l y  l o c a t e d  o l f a c t o r y  c o r t e x  of the 
t e m p o r a l  lobe is s o m e w h a t  p r o t e c t e d  f r o m  p h y s i c a l  d a m a g e  
by the f o l d i n g  o v e r  of the l a t e r a l  s u r f a c e  a n d  a n t e r i o r  
h o r n  of th e  t e m p o r a l  l o b e  ( F i g u r e  3). T h i s  f e a t u r e  will be 
i m p o r t a n t  to re c a l l  w i t h  r e g a r d  to the e f f e c t s  of 
t r a u m a t i c  b r a i n  i n j u r y  on t e m p o r a l  an d  or b i t o f r ont. a 1 areas, 
of the b r a i n .  T h e s e  l a t t e r  a r e a s  are on th e  most
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s u p e r f i c i a l  v e n t r a l  ( b o t t o m )  s u r f a c e s  of the c o r t e x  and 
a r e  s u s c e p t i b l e  to c o n t u s i o n  and h e m o r r h a q e  in 
a c r e l e r a t  i o n / d e c e l e r a t i o n  h e a d  i n j u r i e s  (TBI) w h e n  t h e y  
c o m e  into c o n t a c t  w i t h  the b o n y  p r o m i n e n c e  at th e  b a s e  of 
th e  s k u l l  (Doty, 1 9 9 2 ) ,  T h e  m e s i a l  l o c a t i o n  of the p r i m a r y  
o l f a c t o r y  a r e a  p r o v i d e s  p a r t i a l  p r o t e c t i o n  f r o m  s u c h  
p h y s i c a l  d a m a g e .
O l factory Information Processing
T h e  first level of o l f a c t o r y  i n f o r m a t i o n  p r o c e s s i n g  
o c c u r s  in t fje o l f a c t o r y  b u l b .  T h e  s y n a p s e s  f r o m  o l f a c t o r y  
cells, to g l o m e r u l i  a r e  o r g a n i z e d  in ari a n t e r i o r  to 
p o s t e r i o r  an d  l a t e r a l  to m e d i a l  r e l a t i o n s h i p  r e f l e c t i n g  
t to- <) r g a n i z a t i u n of the o 1 f act or y e p i t h e l i u m .  That is, 
o l f a c t o r y  c e l l s  l o c a t e d  in the a n t e r i o r  p o r t i o n  of t. fie 
e p i t h e l i u m  s y n a p s e  w i t h g l o m e r u l i  in t h e  a n t e r i o r  bulb, 
w h i l e  c e l l s  l o c a t e d  in the p o s t e r i o r  of th e  e p i t h e l i u m  
c o n n e c t  w i t h  g l o m e r u l i  m o r e  p o s t e r i o r  in the bulb.
S i m i l a r l y  o 1 f a o t o r y c e l l s  l o c a t e d  w i t h i n  m e d i a l  portion;, 
of t h e  e p i t h e l i u m  s y n a p s e  w i t h  g l o m e r u l i  l o c a t e d  in m e d i a l  
p o r t i o n s  of the b u lb, a n d  t h o s e  c e l l s  l o c a t e d  m o r e  
l a t e r a l l y  s y n a p s e  w i t h  l a t e r a l  a s p e c t s  of the b u lb. W i t h i n  
t h e s e  s p a t i a l l y  o r g a n i z e d  j u n c t i o n s  the fir s t  level of 
s e n s o r y  p r o c e s s i n g  is t h o u g h t  to o c c u r  ( E n g e n ,  1982).
T h i s  first level of p r o c e s s i n g  is b e l i e v e d  to be 
p r i m a r i l y  i n h i b i t o r y .  I n t e r n e u r o n s  m a y  inhibit g l o m e r u l i  
ad i ac en t to t h o s e  that i n i t i a l l y  r e s p o n d  to a g i v e n
11
o l f a c t o r y  s t i m u l a t i o n .  In a d d i t i o n ,  c e n t r i f u q a l  input f r o m  
t h e  t h a l a m i c  a n d  c o r t i c a l  o l f a c t o r y  a r e a s  f e e d b a c k  to the 
g l o m e r u l i  to c o n t r o l  the e x c i t a b i l i t y  of b u l b a r  o u t p u t  
n e u r o n s  ( W i l s o n  & L e o n ,  1 9 8 9 ) .  T h e s e  i n h i b i t o r y  i n f l u e n c e s  
a r e  b e l i e v e d  to p l a y  a r o l e  in b o t h  o d o r  a d a p t a t i o n  and 
trie d i s c r i m i n a t i o n  of s p e c i f i c  o d o r s  ( G u y t o n ,  1 9 87 ). 
O l f a c t o r y  a d a p t a t i o n  is f a i r l y  r a p i d  w i t h  a b o u t  80% of 
a d a p t a t i o n  o c c u r r i n g  in t h e  f i r s t  s e c o n d  of e x p o s u r e ,  and 
t h e n  p r o g r e s s i n g  s l o w l y  to v i r t u a l l y  c o m p l e t e  a d a p t a t i o n  
in a b out 2 m i n u t e s  if an odor r e m a i n s  p r e s e n t  (Guyton,
19 8 7). R e c o v e r y  of s e n s i t i v i t y  is a l s o  r a p i d ,  o n c e  an odor 
is r e m o v e d  o l f a c t o r y  c e l l s  t y p i c a l l y  r e c o v e r  f r o m  
adapt, at ion in a b out ? to 1 s e c o n d s  (Guyt. on, 19 fi 7 ) . F r o m
t h e  o l f a c t o r y  bulb, odor i n f o r m a t i o n  is r e l a y e d  to
o 1 f a ct o r y c o r t e x .
W  i t. h i n the 1 a t. e r a 1 o l f a c t o r y  a r e a  a ri d o r b i t a l  f r ontal 
c o r t e x  odor r e c o g n i t i o n  an d  t fie h e d o n i c  (pleasant, v e r s u s  
u n p l e a s a n t  ) aspects, of odor d i s c r i m i na t i on a r e  thi-uqht to 
o c c u r .  R e m o v a l  of th e  pr i ma r y o l f a c t o r y  c o r t e x  has l i t t l e  
e f f e c t  u p o n  p r i m i t i v e  r e s p o n s e s  to o d o r s  s u c h  as l i c k i n g  
t h e  lips, s a l i v a t i o n ,  and o t h e r  f e e d i n g  r e s p o n s e s  (Guyton, 
19 8 7 ) .  T h e s e  m o r e  p r i m i t i v e  o l f a c t o r y  r e s p o n s e s  a p p e a r  to 
be me d  iated v i a  t h e  med ial o l f a c t o r y  t r a c t s  wh i c h ar e
w i t h i n  t w o  s y n a p s e s  of the o l f a c t o r y  c i l i a .  S e c o n d a r y
o l f a c t o r y  t r a c t s  p a s s  f r o m  t h e s e  m e d i a l  o l f a c t o r y  area: 
into b r a i n  s t e m  a r e a s  a s s o c i a t e d  w i t h  v e g e t a t i v e
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f u n c t i o n s .  O t h e r  s e c o n d a r y  f i b e r s  f r o m  t h e  l a t e r a l  
o l f a c t o r y  a r e a  c o n n e c t  w i t h  t h e  t e m p o r a l  l o b e s  and 
s t r u c t u r e s  of the l i m b i c  s y s t e m  w h e r e  h i g h e r  o r d e r  
p r o c e s s i n g  o c c u r s ,  s u c h  as t h e  r e c o g n i t i o n  of s p e c i f i c  
o d o r s  ( G u y t o n ,  1987).
T h e  a m y g d a l o i d  c o m p l e x  an d  the h i p p o c a m p u s  h a v e  
t r a d i t i o n a 1 1 y b e e n  c o n s i d e r e d  o l f a c t o r y  s t r u c t u r e s  in 
a n i m a l s .  T h e s e  a r e a s  m a y  a c t u a l l y  r e c e i v e  m o r e  i np u t  f r o m  
o t h e r  s e n s o r y  c h a n n e l s  t h a n  f r o m  o l f a c t o r y  s o u r c e s  (Price, 
19 87). H o w e v e r ,  o l f a c t o r y  input to t h e s e  a r e a s  is 
su hst an t i a 1 a n d  is r e l a t i v e l y  d i r e c t ,  o r i g i n a t i n g  in the 
c o r t i c a l  a r e a s  of the a m y g d a l a  and the ent o r h i n a l  -~ortex 
w h i c h  h a v e  well e s t a b l i s h e d  p r o t e c t i o n s  to t h e  d e n t a t e  
g y r u s  of the t e m p o r a l  lobe an d  the h i p p o c a m p u s  (Price,
19 R 7 ; . T h e r e  a r e  e x t e n s i v e  and d i f f u s e  as s oc i a t i o n a 1 
c o n n e c t  ions t h r o u g h o u t  t h e s e  s t r u c t u r e s  in th e  m a m m a l i a n  
o l f a c t o r y  c o r t e x .  T h e  o f t e n  r e d u n d a n t  a n d  w i d e s p r e a d  
d i s t r i b u t i o n  of t h e s e  a s s o r  i at i o n a  1 i n t e r c o n n e c t i o n s  ar e  
b e l i e v e d  to p l a y  a r u l e  p r o c e s s i n g  o l f a c t o r y  i nf or ma t i on 
a l t h o u g h  th e  m e c h a n i s m  is not w e l l  u n d e r s t o o d  (Price,
1 9 8 7  ) .
O l f a c t o r y  i n f o r m a t i o n  p r o c e s s i n g  a l s o  a p p e a r s  to 
i n v o l v e  s o m e  d e g r e e  of h e m i s p h e r i c  s p e c i a l  izat ion. L a t e r a l  
a s y m m e t r i e s  in o l f a c t o r y  p e r c e p t i o n  h a v e  b e e n  r e p o r t e d  in 
t h r e e  s t u d i e s  c o n d u c t e d  by Z a t o r r e  and J o n e s  Got m a n  
(1990). D a m a g e  to r i g h t  h e m i s p h e r e  t e m p o r a l  and f r o n t a l
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c o r t i c a l  a r e a s  r e s u l t e d  in p o o r e r  odor d i s c r i m i n a t i o n  than 
s i m i l a r  left h e m i s p h e r e  d a m a g e  in tw o  s t u d i e s  of p a t i e n t  
g r o u p s .  F u r t h e r ,  in n o r m a l  s u b j e c t s  r i ght - n o s t r i 1 odor 
d i s c r i m i n a t i o n  wa s  f o u n d  to be s u p e r i o r  to l e f t - n o s t r i l  
d i s c r i m i n a t i o n .  T h e  r i g h t - n o s t r  i 1 a d v a n t a g e  was not 
r e l a t e d  to the se x  or h a n d e d n e s s  of s u b j e c t s ,  an d  it was 
not i n f l u e n c e d  by l a t e r a l  izat. i on of l a n g u a g e  as m e a s u r e d  
by a d i c h o t i c  l i s t e n i n g  t.ask in t h i s  s e r i e s  of s t u d i e s  
(I.iturrr .Si J u n e s  G u t m a n ,  1990) . This, right n u s t r i l  
a d v a n t a g e  was- o b s e r v e d  us. i nq a rattier
r. pec i a 1 i zed odor d i ever i rti i nat ion t e c h n i q u e  a n d  i r not s e e n  
in m u r e  g l o b a l  c l i n i c a l  e v a l u a t i o n  of o 1 f ac t o r y 
f u n c t i o n i n g  i n v o l v i n g  odor i de n t i f i ua t i o n .
S u m m a r  y
i’i 1 f ac t o r y s e n s o r y  i n f o r m a t i o n  p a s s e s  f r o m  t he
0 1 f act or y e p i t h e l i u m  to t h ►-* < > 1 f ., r t o r y bull.' w h e r e  s ume
1 n i t i a 1 p r o c e s s i n g  o c c u r s .  T h e  mu i ■ ■ r i t y of el f.irt cry
f i h e r ' p r o j e c t  d i r e c t l y  to the l a teral o l f a c t o r y  a r e a s  of 
the m e d i a l  t e m p o r a l  l o b e s  and a d j a c e n t  erit. o r h i n u l  
s t r u c t u r e s  that b o r d e r  u p o n  s t r u c t u r e s  of the l i m b i c  
s y s t e m .  T h e r e  m a y  tie s o m e  d i r e c t  c o n n e c t i o n s  to m e d i a l  
o l f a c t o r y  a r e a s  f r o m  the o l f a c t o r y  bulb, h o w e v e r ,  t h e s e  
m e d i a l  c o n n e c t i o n s  h a v e  not b e e n  c l e a r l y  d e m o n s t r a t e d  in 
h u m a n  b r a i n s . U n l i k e  oth e r  s e n s o r y  s y s t e m s ,  m o s t  o l f a c t o r y  
input p r o j e c t s  i n i t i a l l y  to cort ical a r e a s , and t h e n  
pus:e:> t h r o u g h  th e  t h a l a m u s  on its- r o u t e  t.<> o t h e r  c o r t i c a l
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p r o j e c t i o n  s i t e s .  F r o m  the p r i m a r y  l a t e r a l  o l f a c t o r y  a r e a  
input p r o c e e d s  to l i m b i c  s t r u c t u r e s  a n d  on to the o r b i t a l  
f r o n t a l  c o r t e x .  F e e d b a c k  to the o l f a c t o r y  b u l b  f r o m  t h e s e  
c o r t i c a l  o l f a c t o r y  a r e a s  o c c u r s  t h r o u g h  n u m e r o u s  
c e n t r i f u g a l  f i b e r s .  In a d d i t i o n ,  n u m e r o u s  i n t e r c o n n e c t i o n s  
b e t w e e n  c o r t i c a l  o l f a c t o r y  s t r u c t u r e s  p r o v i d e  w i d e s p r e a d  
as s oc i a t i o na 1 c o n n e c t i o n s .  T h e s e  f e e d b a c k  arid 
a s s o c i a t i o n a 1 c o n n e c t i o n s  are b e l i e v e d  to be th e  b a s i s  of 
o l f a c t o r y  i n f o r m a t i o n  p r o c e s s i n g .
T h e r e  a r e  s e v e r a l  f e a t u r e s  of the m a m m a l i a n  o l f u i t n r y  
s y s t e m  that, a r e  of p a r t i c u l a r  i m p o r t a n c e  to the p r e s e n t  
s t u d y .  U n l i k e  o t h e r  s e n s o r y  mod a 1 i t i e s , c 1 f jet cr y  
i id i.rm.it n.'ii p r o  iertc to c p n t r a 1 nervous, s y s t e m  s t r u c t u r e s  
i ps i 1 a t er a 1 to th e  s o u r c e  of s e n s o r y  s t i m u l a t i o n .  T h e r e  is 
r e 1 i1 i v e 1 y l i t t l e  c o n n e c t i o n  tie t we e n h omo 1 o go u s n 1 f ac t. o r y 
s t r u c t u r e :  in the r o n t r a  1 a t e r a  1 h e m i s p h e r e .  F u r t h e r ,  what
l i t t l e  i n t e r c o n n e c t i o n  that d o e s  e x i s. t b e t w e e n  the 
h e m i s p h e r e s  is b e l i e v e d  tu be m o s t l y  i n h i b i t o r y ,  w h i c h  ma y  
p l a y  a r o l e  in l o c a l i z i n g  o l f a c t o r y  s t i m u l i  in the 
e n v i r o n m e n t  ( P r i c e ,  1 9 8 7 ) .  T h i s  a r r a n g e m e n t  allow: for the
b e h a v i o r a l  s t u d y  of o l f a c t o r y  f u n c t i o n i n g  w i t h i n  e i t h e r  
h e m i s p h e r e  in a d i r e c t  ( n o n - c r o s s e d ) m a n n e r .  In a d d i t i o n ,  
th e  o l f a c t o r y  s y s t e m  is i n t i m a t e l y  c o n n e c t e d  w i t h  
s t r u c t u r e s  of the l i m b i c  s y s t e m  t h a t  h a v e  well e s t a b l i s h e d  
r o l e s  in m e m o r y  f u n c t i o n i n g .
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M i s h k i n  a n d  A p p e n z e l l e r  (1987) h a v e  d e s c r i b e d  the 
r o l e  of t h e  a m y g d a l a ,  h i p p o c a m p u s ,  d i e n c e p h a l o n ,  and 
f r o n t a l  l o b e  s t r u c t u r e s  in m e m o r y  p r o c e s s e s ,  a n d  the 
e v i d e n c e  for t h e i r  r o l e  in m e m o r y  ha s  b e e n  d e s c r i b e d  in 
n u m e r o u s  s t u d i e s  and r e v i e w s  of the m e m o r y  s y s t e m  ( K o l b  & 
W i s h a w ,  1985; A n d e r s o n ,  1978; C e r m a c k ,  19B2; I v e r s o n ,
1976; M i l n e r ,  1982; S q u i r e ,  1 9 8 2 ) .  F r o m  t h is, a n d  the 
p r e v i o u s  d i s c u s s i o n  of t h e  o l f a c t o r y  s y s t e m ,  it c a n  be 
s e e n  that t h e  b r a i n  a r e a s  i m p o r t a n t  to th e  m e m o r y  s y s t e m  
a r e  e i t h e r  t h e  s a m e  s t r u c t u r e s  i m p o r t a n t  to t h e  o l f a c t o r y  
s y s t e m  ( a m y g d a l a ,  h i p p o c a m p u s ,  t h a l a m i c  s t r u c t u r e s ,  and 
p r e f r o n t a l  c o r t e x ) ,  or s t r u c t u r e s  t h a t  b o r d e r  u p o n  t h e s e  
m e m o r y  s y s t e m s  (the l a t e r a l  o l f a c t o r y  a r e a  of th e  t e m p o r a l  
c o r t e x ,  t h e  e n t o r h i n a l  c o r t e x ,  p r e p i r i f o r m  c o r t e x ,  
p e r i a m y g d a 1oi d  a n d  p e r i h l p p o c a m p a 1 c o r t e x ,  and 
o r b i t o f r o n t d l  c o r t e x ) .  T h e  a n a t o m i c a l  p r o x i m i t y  of t h e s e  
s y s t e m s  lays the g r o u n d w o r k  for c o n s i d e r i n g  the r o l e  of 
t h e s e  c l o s e l y  r e l a t e d  m e m o r y  a n d  o l f a c t o r y  a r e a s  in the 
o l f a c t o r y  m e m o r y  f u n c t i o n i n g  of n e u r o l o g i c a l  g r o u p s  that 
h a v e  s u s t a i n e d  d a m a g e  to t e m p o r a l ,  a n d  o r b i t o f r o n t a  1 
a r e a s .  O l f a c t o r y  d i s o r d e r s  h a v e  b e e n  o b s e r v e d  in s e v e r a l  
g r o u p s  of p a t i e n t s  w i t h  n e u r o l o g i c a l  d i s o r d e r s .
N e u r o l o g i c a l  g r o u p s  w i t h  o l f a c t o r y  d e f i c i t s  will be 
c o n s i d e r e d  n e x t .
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T h e  m a j o r i t y  of o l f a c t o r y  d i s o r d e r s ,  a n o s m i a  or t o ta l  
lo ss of o l f a c t o r y  f u n c t i o n i n g ,  a n d  h y p o s m l a ,  a p a r t i a l  
lo ss of o l f a c t i o n  a r e  t y p i c a l l y  a s s o c i a t e d  w i t h  n a s a l  a nd  
s i n u s  d i s o r d e r s .  T h e s e  i n c l u d e  n a s a l  p o l y p s ,  n a s a l  
o b s t r u c t i o n s ,  a l l e r g i e s ,  and i n f e c t e d  s i n u s e s .  H o r m o n a l  
d i s t u r b a n c e s  s u c h  as K a l l m a n ' s  s y n d r o m e ,  a h y p o g o n a d a l  
d i s o r d e r  in m a l e s ,  m a y  a l s o  be a s s o c i a t e d  w i t h  a n o s m i a .  
I n f l u e n z a  and p o s t - u p p e r  r e s p i r a t o r y  i n f e c t i o n s  c a n  
p r o d u c e  a n o s m i a  and h y p o s m i a  as well (C a i n , G o o d s p e e d ,
Ge nt,  & L e o n a r d ,  198 8) . H e a d  t r a u m a ,  and a v a r i e t y  of 
n e u r o l o g i c a l  d i s o r d e r s  m a y  a l s o  p r o d u c e  o l f a c t o r y  
d e f i c i t s .  O l f a c t o r y  d e f i c i t s  are  f r e q u e n t l y  s e e n  a l o n g  
w i t h  d e f i c i t s  in m e m o r  y f u n c t i o n ! n g .
T h e r e  a r e  two b r o a d  c a t e g o r i e s  of n e u r o l o g i c a l  
d i s o r d e r s  t h a t  i n v o l v e  b o t h  m e m o r y  d i s t u r b a n c e s  and 
o l f a c t o r y  d y s f u n c t i o n .  T h e  f i rs t  c a t e g o r y  is a g r o u p  of 
d i s o r d e r s  th at  p r o d u c e  d i f f u s e  n e u r o l o g i c a l  d a m a g e ,  in 
s o m e  c a s e s  at b o t h  c o r t i c a l  a n d  s u b c o r t i c a l  l e v e l s.  T h i s  
g r o u p  of d i s o r d e r s  i n c l u d e s  A l z h e i m e r ' s  d i s e a s e ,
K o r s a k o f f ' s  s y n d r o m e ,  P a r k i n s o n ' s  d i s e a s e  a nd  H u n t i n g t o n ' s  
d i s e a s e .  T he  s e c o n d  c a t e g o r y  is t h a t  of n e u r o l o g i c a l  
d i s o r d e r s  th at  a f f e c t  s p e c i f i c  b r a i n  s t r u c t u r e s .  T h i s  
i n c l u d e s  i d i o p a t h i c  and  n e o p l a s t i c  t e m p o r a l  l o b e  l e s i o n s  
that m a y  p r o d u c e  e p i l e p t i c  s e i z u r e s ,  l e s i o n s  a s s o c i a t e d  
w i t h  h e a d  t r a u m a ,  and t h o s e  a s s o c i a t e d  w i t h  c e r e b r a l
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v a s c u l a r  d i s e a s e  {eg. t h r o m b o t i c  a n d  e m b o l i t i r  
i n f a r c t i o n ) .  T h e  c o r t i c a l  a r e a s  m o s t  f r e q u e n t l y  a s s o c i a t e d  
w i t h  l e s i o n s  that p r o d u c e  m e m o r y  d i s t u r b a n c e  and o l f a c t o r y  
d e f i c i t s  a r e  the t e m p o r a l  l o be s  and o r b i t o f r o n t a  1 are a s . 
H o w e v e r ,  o l f a c t o r y  d i s t u r b a n c e s  m a y  e x i s t  in s o m e  p a t i e n t s  
w i t h  f r o nt a l 1 obe d a m a g e  w h o  do not e x h i b i t  g r o s s  m e m o r y  
d e f i c i t s  as a s s e s s e d  by n e u r o l o g i c a l  and
n e u r o p s y c h o l o g i c a l  e v a l u a t i o n  (Va r ne y ,  1 9 88 ) .  A n u m b e r  of 
s t u d i e s  that h a v e  e x a m i n e d  t h e s e  n e u r o l o g i c a l  c o n d i t i o n s  
w i t h  r e g a r d  to d i :, t u r h a  n o e s  of o l f a c t o r y  f u n c t i o n  will be 
r e v i e w e d .
N e u r o 1 ■' g i c a 1 P i so r d. e r_s _wi t h .Q e. n K a  I j z eel Cor t i ca 1 
ELlects
A 1 c oh o 1 i c K o r s a k o f f ’:- p a t i e n t s  h a v e  b e e n  s t u d i e d  
e x t e n s i v e l y  w i t h  r e g a r d  t. o o l f a c t o r y  and m e m o r y  d e f i c i t :  . 
pir: ak n| f p a t i e n t s  f r e q u e n t l y  s h o w  a loss of c o r t i c a 1 
m a s s  arid punct it.e l e s i o n s  t h r o u g h o u t  the  b r ai n .  O l f a c t o r y  
d e f i c i t s  h a v e  b e e n  a s s o c i a t e d  w i t h  d a m a g e  to the d o r s a l  
m e d i a l  n u c l e u s  (P M N ) of the t h a l a m u s  and the m a m m i l l a r y  
b o d i e s  (MB) that r e s u l t s  f r o m  the W e r n i c k e -K o r s a k o f f  
s y n d r o m e .  J on e s ,  M o s k o w i t z ,  and  B u t t e r s  (197b) u s i n g  a 
d i r h i n a l  s ri if f- bot tle  t e c h n i q u e  f o u n d  a c l e a r  i m p a i r m e n t  
of o l f a c t o r y  d i s c r i m i n a t i o n ,  and r e t e n t i o n  a f t e r a 30 
s e c o n d  d e l a y  i n t e r v a l ,  in K o r s a k o f f ' s  p a t i e n t s  r e l a t i v e  to 
a l c o h o l i c  a nd  n o n a l c o h o l i c  c o n t r o l  g r o u p s .  T h e  a u t h o r s  
c o n c l u d e d  that d a m a g e  of o l f a c t o r y  p a t h w a y s  in the  CNS,
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p a r t i c u l a r l y  the DMN a n d  MB, wan r e s p o n s i b l e  for th e poor 
o l f a c t o r y  f u n c t i o n i n g  of the K o r s a k o f f ' s  p a t i e n t s ,  r a t h e r  
t h a n  occult, b r a i n  t r a u m a  a c q u i r e d  in the  c o u r s e  of y e ar s  
of a l c o h o l  a b u s e ,  b e c a u s e  t h e n o n - K o r s a k o f f ' s  a l c o h o l i c  
g r o u p  ha d  a s i m i l a r  h i s t o r y  of h e a d  t r a u m a ,  but was  m u c h  
less i m p a i r e d  in o l f a c t o r y  f u n c t i o n i n g .
P u t t e r  and  B u t t e r s  (1980) r e p l i c a t e d  the wo rk of 
J o n e s  et al. (1 9 75 ) .  T h e y  f o u n d  b o t h  i m p a i r e d  d e t e c t i o n  of 
d i l u t e d  a m o u n t s  of a l c o h o l  (butyl a l c o h o l )  and  i m p a i r e d  
odor d i s c r i m i n a t i o n  c a pa c i t i e:: (poor d i sc r i m i n a t i on
b e t w e e n  c o m m o n  o d o r s )  in a l c o h o l i c  K o r s a k o f f ’s p a t i e n t s ,  
i ve to nor ma 1 c o n t r o l 1.. In add i t i on , t he y ctr.cr ved 
that p a t i e n t s  w i t h  k n o w n  or n u r p e c t e d  p r e f r e n t a l  lesion; 
dt-iTi' u s t  r <it. t'(l a s e v e r e  i n a b i l i t y  t. o d i s t i n g u i s h  odor 
g 11 i I it i e , r e l i a b l y .  T h e s e  odor s t i mu 1 i we re e a s i l y  
d e t e c t e d  a rid d i s t i n g u i s h e d  by nor ma 1 arid non pr e f r unt a 1 
b r a i n  d a Hi i g ed c i ■ i, t i i, 1 ■ . T his  d e f i c i e n c y  in odor q u a l i t y  
d i : cr i mi nat. i on pxir.ted for the pr e f r c>n t a 1 patients. e ve n 
t h o u g h  t h e y  had n o r m a l  odor d e t e c t i o n  t h r e s h o l d s  for 
d i l u t i o n s  of b u t y l  a l c o h o l .  T o g e t h e r  t h e s e  f i n d i n g s  w e r e  
i n t e r p r e t e d  as s u g g e s t i n g  that a t r o p h y  of the dorsomedi.il 
t h a l a m u s  ( d e t e c t i o n  d e f i c i t )  and pr e f r e n t a l  c o r t e x  
( d i s c r i m i n a t i o n  d e f i c i t )  m a y  be i n v o l v e d  in a l c o h o l i c  
K o r s a k o f f ’s p a t i e n t s  o l f a c t o r y  f u n c t i o n i n g  (P ot ter  & 
B u t t e r s ,  19R0) , s i n c e  K o r s a k o f f ’s d i s e a s e  i n v o l v e s
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t h a l a m i c  an d d i f f u s e  c o r t i c a l  d a m a g e  a n d  t h e s e  K o r s a k o f f ’s 
s u b j e c t s  e x h i b i t e d  b o t h  t y p e s  of o l f a c t o r y  d y s f u n c t i o n .
O l f a c t o r y  d e f i c i t s  h a v e  b e e n  s h o w n  to be a n e u r o l o g i c  
s i g n  in A l z h e i m e r ’s t y p e  d e m e n t i a  (R ezek, 1987 ). M i l d l y  
d e m e n t e d  s u b j e c t s  w i t h  d e m e n t i a  of the A l z h e i m e r ' s  t y pe  
(DAT) b e t w e e n  the a g e s  of 60 to 00 y e a r s  w e r e  c o m p a r e d  in 
t e r m s  of o l f a c t o r y  a b i l i t y  to a g r o u p  of n o r m a l  s u b j e c t s  
of s i m i l a r  age. D e m e n t e d  s u b j e c t s  w e r e  a b l e  to i d e n t i f y  by 
s m e l l an a v e r a g e  of 0.3 out of 6 f r a g r a n c e s .  N o r m a l s  w er e  
a b l e  t. o i d e n t i f y  s iqni f icant 1 y m o r e  (X - 2.8) of t h e s e  
s a m e  f r a g r a n c e s .  W h e n  a m u l t i p l e  c h o i c e  list of ten items 
i n c l u d i n g  the fi ve  f r agr a n c e  names, and fi ve  ot he r odor 
n a m es  was p r o v i d e d ,  p e r f o r m a n c e  fur b o t h  group:' i m p r o ve d ,  
to 1 . P f or PA T  s u b j e c t s  a rid 4.2 for n o r m a l s  , R o z e k  (1 9 87) 
i i>!k i d e re d  t h e s e  ul f a c t o r y  d e f i c i t :  to be s e n s i t i v e ,  but
n o n s p e c i f i c  i n d i c a t o r s  of PAT.
B o t h  e a r l y  and late A l z h e i m e r ' s  d i s e a s e  and 
H u n t i n g t o n ' s  d i s e a s e  p a t i e n t s  w e r e  f o u n d to h a v e  i m p a i r e d  
o l f a c t o r y  r e c o g n i t i o n  c a p a c i t i e s  in a s t u d y  by M o a b e r g  et. 
a 1 . (19 07 ).  T h e y  e x a m i n e d  p a t i e n t  s u b j e c t s  w i t h  m i l d  to
m o d e r a t e  d e m e n t i a  of the A l z h e i m e r ’s t y p e  (DAT) and t h o s e  
w i t h  b o th  m e m o r y  and  other n e u r o l o g i c a l  s y m p t o m s  (eg., 
c h o r e t i c  m o v e m e n t  d i s o r d e r  ) d i a g n o s e d  as h a v i n g  
H u n t i n g t o n ' s  d i s e a s e .  T h e s e  42 D A T  p a t i e n t s ,  38 
H u n t i n g t o n ' s  d i s e a s e  (HD) p a t i e n t s  and c o n t r o l s  we r e  
m a t c h e d  for age and  e d u c a t i o n .  O l f a c t o r y  r e c o g n i t i o n  was
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e v a l u a t e d  by h a v i n g  s u b j e c t s  s n i f f  10 t a r g e t  odorants. and 
5 m i n u t e s  l a t er  a s k i n g  t h e m  to i d e n t i f y  the  o d o r a n t  f r o m  a 
g r o u p  of 20 o d o r a n t s  t h a t  c o n t a i n e d  the o r i g i n a l s  p l u s  10 
d i s t r a c t o r s .  In a d d i t i o n ,  v e r b a l  r e c o g n i t i o n  and v i s u a l  
r e c o g n i t i o n  m e m o r y  w e r e  a s s e s s e d  u s i n g  w o r d  a n d  f i gu r e 
r e c o g n i t i o n  s t i m u l i  a f ter  a t e n  m i n u t e  d e l a y .
M o a b e r g  et al. (1987) f o u n d  that e a r l y - d f  f e c t e d  HD 
p a t i e n t s  w i t h  m i n i m a l  c h o r e a  and c o g n i t i v e  d e f i c i t s  had 
n e a r l y  no r m a l  v e r b a l  and v i s u a l  m e m o r y  p e r f o r m a n c e ,  but 
w e r e  c l e a r l y  i m p a i r e d  on the  o l f a c t o r y  r e c o g n i t i o n  task.
The  e a r l y  D A T  g r o u p  e x h i b i t e d  s i g n i f i c a n t  d e f i c i t  s. in all 
r e c o g n i t i o n  m o d a l it ies, and  w e r e  the m os t i m p a i r e d  in 
te rms of m e n t a l  s t a t u s .  B o t h  the e a r l y  and  late HD and D A T 
patient, g r o u p s  w e r e  i m p a i r e d  r e l a t i v e  to m a t c h e d  c o n t r o l s  
on all of the  r e c o g n i t i o n  tasks’, w i t h  the o l f a c t o r y  task 
s h o w i n g  the g r e a t e s t  i m p a i r m e n t .  N o t i n g  that HD and P AT  
i n v n l o e  b o t h  c o r t i c a l  and s u h c o r t i c a l  d i s e a s e  p r o c e s s e s ,  
the  a u t h o r s  i n t e r p r e t e d  th ei r f i n d i n g s  as an i ndi ca 1 ion of 
p r i m a r i l y  s u be u r t i c a 1 p a t h o l o g y  in the e a r l y  s t a g e  of both 
d i s e a s e s  s i n c e  o l f a c t o r y  f u n c t i o n i n g  w a s  the most a f f e c t e d  
m o d a l i t y ,  and g e n e r a l  c o g n i t i v e  f u n c t i o n i n g  was less 
a f f e c t e d .  In a d d i t i o n ,  d i f f e r e n t i a l  p e r f o r m a n c e  on 
m e a s u r e s  of v i s u a l ,  v e r b a l  an d o l f a c t o r y  m e m o r y  p r n v i d °  
d i a g n o s t i c  i n f o r m a t i o n  for p a t i e n t s  in the  e a r l y  s t a g e s  of 
t h e s e  d i s e a s e s .
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P a r k i n s o n ' s  d i s e a s e  (PD) was  a s s o c i a t e d  w i t h  
o l f a c t o r y  d y s f u n c t i o n  in p a t i e n t s  w h o  s c o r e d  we 11 on a 
c o g n i t i v e  s c r e e n i n g  m e a s u r e  (Doty, D e e m s ,  & S t e l l a r ,
1 9 8 8 ).  On  an odor i d e n t i f i c a t i o n  t e s t  a nd  an odor 
t h r e s h o l d  t e s t  the P D  s u b j e c t s  d i f f e r e d  s i g n i f i c a n t l y  f r o m  
ag e  a n d  g e n d e r  m a t c h e d  n o r m a l s ,  w i t h  h i g h e r  odor d e t e c t i o n  
t h r e s h o l d s  and less a b i l i t y  to i d e n t i f y  c o m m o n  o d o r s  u s i n g  
a m u l t i p l e  c h o i c e  f o r m a t .  T w e n t y - f o u r  of t h e  81 P D  
s u b j e c t s  w e r e  r e - t e s t e d  at i n t e r v a l s  r a n g i n g  f r o m  5 to 39 
m o n t h s . Th e  o l f a c t o r y  f u n c t i o n i n g  of t h e s e  p a t i e n t s  d id  
not w o r s e n  as the d i s e a s e  p r o c e s s  p r o g r e s s e d .  F u r t h e r ,
Doty, et al. (1988) r e p o r t e d  that o l f a c t o r y  d e f i c i t s  w e r e  
d i s t r i b u t e d  a c r o s s  a w i d e  r a n g e  of odor t y pe s , w e r e  
u n r e l a t e d  to m e d  i c a t i o n s  u s e d  at the t i m e  of t e s t i n g  or to 
p r i o r  t h a l a m i c  s u r g e r i e s ,  a n d  w e r e  i n d e p e n d e n t  of p a t i e n t  
age, g e n d e r ,  d i s e a s e  s t a g e ,  d i s e a s e  d u r a t i o n ;  a n d  m e a s u r e s  
of v a r i o u s  s y m p t o m s  a s s o c i a t e d  w i t h  PD. In a d d i t i o n ,  the 
o l f a c t o r y  d e f i c i t s  fo un d in P D  a p p e a r e d  to be e q u i v a l e n t  
t (5 t h o s e  f o u n d  in DAT, w h i c h  wa s i n t e r p r e t e d  as s u g g e s t i n g  
a c o m m o n ,  but as yet u n s p e c i f i e d  n e u r o l o g i c a l  s u b s t r a t e  
i n v o l v i n g  b o t h  s u b r o r t  ical a n d c o r t i c a l  a r e a s .
Neurological Disorders with Localized Cortical 
Effects
T e m p o r a l  lo be  e p i l e p s y  o f t e n  p r o d u c e s  s e v e r e  s e i z u r e s  
that a r e  r e f r a c t o r y  to c o n t r o l  w i t h  m e d i c a t i o n s ,  s u c h  as 
p h e n o b a r b i t a  1 or p h e n y t o i n .  In s o m e  c a s e s  s u r g i c a l
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i n t e r v e n t i o n  is e f f e c t i v e  in c o n t r o l l i n g  s e i z u r e s ,  and the 
c h a n g e s  t h a t  r e s u l t  front t h e  r e m o v a l  or d e s t r u c t i o n  of 
n e u r a l  t i s s u e  a l l o w s  for t h e  s t u d y  of th e f u n c t i o n  of 
i n v o l v e d  b r a i n  s t r u c t u r e s .
L a t e r a l i z a t i o n  of o l f a c t o r y  f u n c t i o n  w a s  e x a m i n e d  in 
five r i g h t - h a n d e d  e p i l e p t i c  p a t i e n t s  w h o  had u n d e r g o n e  a 
to tal s u r g i c a l  d i s c o n n e c t i o n  of the c e r e b r a l  h e m i s p h e r e s  
to a l l e v i a t e  i n t r a c t a b l e  s e i z u r e s  ( G o r d o n  & S p e r r y ,  19 6 9) .  
Wh eri o d o r s  w e r e  p r e s e n t e d  to the  right n o s t r i l  of p a t i e n t s  
t h e y  w e r e  u n a b l e  to v e r b a l l y  d e s c r i b e  the o d or s ,  but w e r e  
a b l e  to point to or p ick  out a s s o c i a t e d  o b j e c t s  by t a c t i l e  
p a l p i t a t i o n  w i t h  the c o n t r a  1 a t e r a  1 hand. O d o r s  p r e s e n t e d  
to th e left n o s t r i l  w e r e  p e r c e i v e d  by the i p s i l a t e r a l  
h e m i s p h e r e  and i d e n t i f i e d  v e r b a l l y .  G o r d o n  and S p e r r y  
(1969) o b s e r v e d  that t h e r e  war l i t t l e  c r o s s  c o m m u n i c a t i o n  
f r o m  one h e m i s p h e r e  to the  o t h e r  in t h e s e  p a t i e n t s  at 
m i d h r a i n  or b r a i n  s t e m  l e v e l s .  E v e n  s t r o n g l y  u n p l e a s a n t  
o d o r s  p r o d u c e d  a f f e c t i v e  r e s p o n s e s  that w e r e  c o n f i n e d  to 
the h e m i s p h e r e  a r o u s e d  w i t h o u t  a n y  a w a r e n e s s  in the othe r 
h e m i s p h e r e .  In i n s t a n c e s  w h e r e  the  c o n t r a  1 a t e r a  1 
h e m i s p h e r e  s h o w e d  r e s p o n s e  to s t i m u l a t i o n ,  it w a s  b e l i e v e d  
to be the r e s u l t  of p e r i p h e r a l  c u e  p e r c e p t i o n  r a t h e r  t h a n  
s p r e a d  of e m o t i o n a l  t o n e  t h r o u g h o u t  t he  b r a i n  stem.
O l f a c t o r y  m e m o r y  w a s  e v a l u a t e d  in p a t i e n t s  w i t h  
a n t e r i o r  t e m p o r a l  l o b e c t o m y ,  i n v o l v i n g  r e m o v a l  of d i s e a s e d  
or d a m a g e d  c o r t i c a l  t i s s u e  ( R a u s c h ,  S e r a f e t  inides, &
C r a n d a l l ,  1 9 77 ) .  S u b j e c t s  w e r e  r e q u i r e d  to s m e l l one  of 
four d i l u t e d  o d o r a n t s  an d f o l l o w i n g  a 10 sec. d i s t r a c t i o n  
p e r i o d  i d e n t i f y  the  t e st  o do r f r o m  four b o t t l e s  e a ch  
c o n t a i n i n g  o n e  of the four odo r s o l u t i o n s .  C o n t r o l  
s u b j e c t s  (N = 10) had a m e a n  s c o r e  of 9 6 % c o r r e c t ,  w h i l e
riqht. t e m p o r a l  lo be s u b j e c t s  (N - 7) i d e n t i f i e d  o n l y  t>3% 
of the o d o r s  c o r r e c t l y ,  and t h e  left t e m p o r a l  g r o u p  (N - 
7) s c o r e d  80%  c o r r e c t .  T h e s e  w e r e  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s ,  an d i n d i c a t e d  that the t e m p o r a l  
lobe p l a y s  a r o l e  in h u m a n  o l f a c t o r y  m e m o r y  f u n c t i o n .  It 
was s u g g e s t e d  th at  th e g e n e r a l  c o n c e p t  t hat  the right 
t e m p o r a l  l obe  is dominant, in n o n - v e r b a l  m e m o r y  pr o c e s s  i re.] 
w.i'- s u p p o r t e d  by t h is  s t u d y  and  s u g g e s t s  that odor 
i n f o r m a t i o n  m a y  be c o d e d  n o n - v e r b a l  ly to a g r e a t e r  ext ent 
t h a n  it is c o d e d  v e r b a l l y ,  s i n c e  riqht h e m i s p h e r e  p a t i e n t  
p e r f o r m e d  m o r e  p o o r l y  t h a n  d id  left h e m i s p h e r e  p a t i e n t s .
P a t i e n t s  w it h  focal c e r e b r a l  l e s i o n s  s h o w  o l f a c t o r y  
i d e n t i f i c a t i o n  d e f i c i t s  a s s o c i a t e d  w i t h  the  s i t e  but not 
the  exte nt  of c o r t i c a l  l e s i o n s  (J o n e s  - G o t m a n  & Z a t o r r e ,  
1968) . U s i n g  an odor t h r e s h o l d  and an odor i d e n t i f i c a t i o n  
ta sk, 120 p a t i e n t s  w i t h  a focal  s u r g i c a l  b r a i n  l e s i o n  and 
20 n o r m a l  c o n t r o l  s u b j e c t s  w e r e  e v a l u a t e d .  All of the 
s u b j e c t s  had n o r m a l  d e t e c t i o n  t h r e s h o l d s  for n - b u t y l  
a l c o h o l .  H o w e v e r ,  s e v e r a l  p a t i e n t  g r o u p s  w e r e  
s i g n i f i c a n t l y  i m p a i r e d  on an odor i d e n t i f i c a t i o n  task. 
J o n e s  G o t m a n  and Z a t o r r e  (1988) f o u n d  a s i g n i f i c a n t
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i m p a i r m e n t  in o l f a c t o r y  f u n c t i o n  a f t e r  r i q ht  or left 
t e m p o r a l  l o b e c t o m y ,  r i g h t  or left f r o n t a l  l o b e c t o m y ,  and 
r i g h t  f r o n t o t e m p o r a  1 e x c i s i o n .  In c o n t r a s t ,  p a t i e n t s  w h o s e 
e x c i s i o n  was  c o n f i n e d  to the left c e n t r a l ,  p a r i e t a l ,  or 
p o s t e r i o r  a r e a s  s h o w e d  no s i g n i f i c a n t  d e f i c i t  in o l f a c t o r y  
f u n c t i o n i n g .  T h o s e  p a t i e n t s  w i t h  f r o n t a l  l o b e c t o m y  
e x h i b i t e d  o l f a c t o r y  ident i £ i cat ion i m p a i r m e n t  o n l y  w h e n  
t h e  f r o n t a l  l obe  r e m o v a l  i n c l u d e d  p o r t i o n s  of the o r b i t a l  
c o r t e x .  In a d d i t i o n ,  th is  g r o u p  s h o w e d  a s i g n i f i c a n t l y  
g r e a t e r  d e f i c i t  t h a n  d i d  the t e m p o r a l  lobe g r o u p .
J 11 n e s ■G o t m a n  and Z a t o r r e  (1 988) c o n s i d e r e d  the 
a n a t o m i c a l  b a s i s  for t h e s e  f i n d i n g s .  T he  t e m p o r a l  lobe 
g r o u p s  might h a v e  p e r f o r m e d  p o o r l y  d u e  to a d i s t u r b a n c e  in 
the input to the  or b i t. n f r unt a 1 r e g i o n  d ue  to the 
d e s t r u c t i o n  of the t e m p o  ral o l f a c t o r y  ar e a s .  T h e s e  
d e f i c i t s  w e r e  r e l a t i v e l y  mi ld , p r e s u m a b l y  b e c a u s e  
s u bs t a n t i a ] input to the  f r o n t a l  r e g i o n s  remain:-', af ter 
t e m p o r a l  l o b e c t o m y .  A n o t h e r  p o s s i b l e  e xp  1 anat ion the 
a u t h o r s  p r o v i d e d  was that the ident i f icat ion i m p a i r m e n t  in 
the t e m p o r a l  lo be  g r o u p  r e s u l t e d  not f r o m  d e f i c i e n t  
d i s c r i m i n a t i o n , but f r o m  an i n a b i l i t y  to f o r m  and r e t r i e v e  
the c o r r e c t  a s s o c i a t i o n  b e t w e e n  the q u a l i t y  of the odor 
an d its r e p r e s e n t a t i o n  in m e m o r y .  T h e s e  e x p l a n a t i o n s  w o u l d  
not be c o n t r a d i c t o r y  s i n c e  odor i d e n t i f i c a t i o n  i n v o l v e s  
n o r ma l  d i s r r  imin at  ion of odor q u a l i t i e s  as well as a 
m a t c h i n g  of the odor to its n a m e  f r o m  m e m o r y .
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C l o s e d  h e a d  i n j u r i e s  c a n  r e s u l t  in a n o s m i a  that is 
s o m e t i m e s  a s s o c i a t e d  w i t h  d a m a g e  to the  o r b i t a l  fr o nt al  
c o r t e x .  In c o m e  i n s t a n c e s ,  c l o s e d - h e a d  i n j u r y  p r o d u c e s  
a n o s m i a  d u e  to a b r a s i o n  of th e m o v  ing o l f a c t o r y  n e r v e  
a g a i n s t  the s t a t i o n a r y  c r i b r i f o r m  p l a t e  in the b a s e  of the 
s k u l l.  Also, s i n c e  one  of t h e o l f a c t o r y  p r o c e s s i n g  a r e a s  
is l o c a t e d  on the i n f e r i o r  a s p e c t  of the f r o n t a l  lobes, 
p o s t t r a u m a t i c  a n o s m i a  c a n  r e s u l t  f r o m  i s o l a t e d  c o n t u s i o n s  
nr d a m a g e  nf the  o r b i t a l  f r o n t a l  c o r t e x ,  or c o n c u r r e n t  
w i t h  o l f a c t o r y  n e r v e  d a m a g e .
V a r n e y  (1988) s t u d i e d  40 p a t e n t s  w ho  d e v e l o p e d  total 
a n o s m i a  as a resu lt  of c l o s e d  he ad  ini ury. A l t h o u g h  t h e y  
had b e e n  m e d i c a l l y  c l e a r e d  to r e t u r n  to work, n e a r l y  all 
of t h e s e  p a t i e n t s  had m a i. r  v o c a t i o n a l  p r o b l e m s  two or 
ni" r e ye ars  a f ter  t h e y  b e g a n  s e e k i n g  post i n j u r y  
e m p l o y m e n t .  V a r n e y  (1983* n o t e d  that t h e s e  p a t i e n t s  w e r e  
w i t h o u t  ma jo r mnt.-r or s e n s o r y  d e f i c i t s ,  and w e r e  a v e r a g e  
to a b o v e  a v e r a g e  w i t h  r e g a r d  to int e 1 1 e c t u a  1 and  m e m o r y  
f u n c t i o n i n g .  D e s p i t e  this a p p a r e n t  c a p a c i t y  for no r m al  
v o c a t i o n a l  c a p a b i l i t y ,  t h e s e  a n o s m i c  p a t i e n t s  e x h i b i t e d  a 
n u m b e r  of p s y c h o s o c i a l  d e f i c i t s  of a t y p e  t y p i c a l l y  
a s s o c i a t e d  w i t h  d a m a g e  to the f r o n t a l  a r e a s  of the b r a i n ,  
s u c h  as s o c i a l  d i f f i c u l t i e s ,  p r o b l e m s  f o l l o w i n g  
i n s t r u c t i o n s  in e m p l o y m e n t  s e t t i n g s ,  b e h a v i o r  d e s c r i b e d  as. 
u n r e l i a b l e ,  and d e f i c i t s  in m o t i v a t i o n .  In th is  st ud y,  
a n o s m i a  was d e t e r m i n e d  by p a t i e nt  i n t e r v i e w  and
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s u b s t a n t i a t e d  by i n t e r v i e w s  w i t h  f a m i l y  or a c q u a i n t a n c e s . 
P a t i e n t s  w h o  r e p o r t e d  a p a r t i a l  a n o s m i a  w e r e  m o r e  v a r i a b l e  
in the i r  v o c a t i o n a l  a d j u s t m e n t ,  w i t h  a b o u t  half r e p o r t i n q  
v o c a t i o n a l  p r o b l e m s  (V ar n e y,  1988).
S u m m a r  v
S t u d i e s  of o l f a c t o r y  d y s f u n c t i o n  in n e u r o l o q i c a l  
p a t i e n t  g r o u p s  i n d i c a t e  t ha t l e s i o n i n g  or r e m o v a l  of 
c o r t i c a l  t i s s u e  w i t h  a n a t o m i c a l  c o n n e c t i o n s  to the 
o l f a c t o r y  s e n s o r y  s y s t e m  c a n  r e s u l t  in d i m i n i s h e d  
o l f a c t o r y  s e n s o r y  p r o c e s s i n g  c a p a b i l i t i e s .  D a m a g e  to b ot h  
r o r t i r a ]  and b r a i n s t e m  o l f a c t o r y  a r e a s  m a y  a ff e c t  odor 
d .* t e c t i o n , odor r e c o g n i t i o n ,  and r e t e n t i o n  of odor 
i nfor mu t i o n . S e v e r a l  s t u d i e s  e u q q eet that r ec oq n i t i o r i and 
r e t e n t i o n  of odor i n f o r m a t i o n  in m o r e  u f f e r t e d  by c o r t i c a l  
d a m a g e  t h a n  is the less d e m a n d i n g  t as k of odor det ec t ion.
A n : or j a t. ed w i t h  d e f i c i t s  in odor r ec oq n i t i on , K o r s a k o f f ' s  
s u b j e c t s  e x h i b i t  d e f i c i t s  in t h e 1 r m e m o r  y for odors.. Also,
K o r s a k o f f ' s s u b j e c t s  e x h i b i t  i m p a i r e d  me mo r y for vis u a l 
.ind v e r b a l  ma t e r i a 1 . T h e s e  d e f i c i t s  o c c u r e a r 1 y in the 
disease process for Korsakoff’s subjects. Studies show 
s i m i l a r  d e f i c i t s  for H u n t i n g t o n ’s d i s e a s e  s u b j e c t s  but 
non o l f a c t o r y  m e m o r y  d e f i c i t s  o c c u r r e d  in later  d i s e a s e  
s t a g e s  only.  A l z h e i m e r ' s  t y p e  d e m e n t i a s  a r e  m a r k e d  by 
m e m o r y  and  o t h e r  c o g n i t i v e  d e f i c i t s ,  and  s e v e r a l  s t u d i e s  
h a v e  d o c u m e n t e d  o l f a c t o r y  d e f i c i t s  as w e l l . T h e s e  
condition:- i n v o l v e  b o t h  b r a i n s t e m  and c o r t i c a l  structures.
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i m p o r t a n t  to o l f a c t i o n ,  w i t h  K o r s a k o f f ' s  and A l z h e i m e r ' s  
h a v i n g  the  g r e a t e s t  c o r t i c a l  imp a ct , and s h o w i n g  th e m o s t  
s e v e r e  o l f a c t o r y  d e f i c i t s  r e l a t i v e  to P a r k i n s o n ' s  d i s e a s e  
and  H u n t i n g t o n ' s  d i s e a s e  p a t i e n t s .
D a m a g e  to n e o c o r t i c a l  s t r u c t u r e s  o n l y  c a n  a l s o  
p r o d u c e  o l f a c t o r y  d e f i c i t s .  I n t a c t  p r e f r o n t a l  c o r t e x ,  
s p e c i f i c a l l y  the  o r b i t a l  c o r t e x  and t e m p o r a l  a r e a s  a p p e a r  
to be e s s e n t i a l  to n o r m a l  d i s c r i m i n a t i o n ,  i d e n t i f i c a t i o n ,  
and r e c o g n i t i o n  of odo r s.  T h e r i g h t  t e m p o r a l  c o r t e x  m a y  be 
more i n v o l v e d  t h a n  the left in odor r e c o g n i t i o n ,  and t. fie 
right h e m i s p h e r e  a p p e a r s  to p r o c e s s  odor i n f o r m a t i o n  
l a r g e l y  non v e r b a l l y  w h i l e  the  left h e m i s p h e r e  e m p l o y s  
g r e a t e r  ve r b a l  m e d i a t i o n  in the  p r o c e s s i n g  of odor 
ir.furmat ion, as e v i d e n c e d  by ttie t e m p o r a l  l o b e c t o m y  and 
commissurotomy s t u d i e s .  F r o n t a l  c o r t e x  s t r u c t u r e s  a p p e a r  
to p l a y  an important, r o l e  in o l f a c t o r y  f u n c t i o n i n g ,  and 
s u b j ec t : ’ w i t h  d a m a g e  to t hi s b r a i n  a r e a  e x h i b i t  d e f i c i t s  
in odor p e r c e p t i o n  a l o n g  w i t h  s u b t l e  but i m p o r t a n t  s o c i a l  
and mu t i v a t i o n a 1 deficit:..
R e g a r d i n g  n e u r o l o g i c a l  d i s o r d e r s  th at a r e  a s s o c i a t e d  
w i t h  m e m o r y  p r o b l e m s  w i t h o u t  c o n s i d e r a t i o n  of o l f a c t o r y  
f u n c t i o n i n g ,  t h e r e  is a l a r g e  b o d y  of l i t e r a t u r e .  E v i d e n c e  
for the p r e s e n c e  of v e r b a l  and  v i s u a l  m e m o r y  d e f i c i t s  in 
A l z h e i m e r ' s  and  late H u n t i n g t o n ' s  d i s e a s e  p a t i e n t s  has 
b e e n  d e s c r i b e d  by  M o a b e r g  et a 1 . (1187), a n d e x t e n s i v e
me mo r y d i s t u r b a n c e s  are s e e n  in A l z h e i m e r - t y p e  d e m e n t i a
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( M o r r i s  & B a d d e l e y ,  1988). P a r k i n s o n i s m  p a t i e n t s  a l s o  
e x h i b i t  m i l d  d e m e n t i a  in late r s t a g e  of the d i s o r d e r  (Do t y 
et a l ., 1968 ).  R a u s c h  et al. (1977) r e p o r t  m e m o r y  d e f i c i t s
for v e r b a l  m a t e r i a l  an d v i s u a l  m a t e r i a l  in left and r i gh t  
h e m i s p h e r e  t e m p o r a l  l ob e l e s i o n  p a t i e n t s .  T h e  r o l e  of the 
f r orita) l o b es  in m e m o r y  f u n c t i o n i n g  has b e e n  r e p o r t e d  by  
W i e g e r s m a ,  V a n  Der S c h e e r ,  an d  H i j m a n  (1990), an d by O l t o n  
(1989) w h o  a l s o  d e s c r i b e d  a n u m b e r  of m e m o r y  d e f i c i t s  
a s s o c i a t e d  w i t h  l e s i o n  of the  n u c l e u s  b a s a l i s  
mag n o n e 1 1ur i s , an a r e a  in the  b a sal  f o r e b r a i n  that has 
s i g n i f i c a n t  p r o j e c t i o n s  to the f r o n t a l  c o r t e x .
S t u d i e s  of n e u r o l o g i c a l  group;, w i t h  ol f a r t e r y  
d i s o r d e r s  s u g g e s t s  that d a m a g e  to b r a i n  s t r u c t u r e s  
a n a t o m i c a 1 1 y a s s o c i a t e d  w i t h  the o l f a c t o r y  s e n s o r y  s y s t e m  
r e s u l t s  in o l f a c t o r y  d e f i c i t s  and in m a n y  i n s t a n c e s ,  
d e f i c i t s  in m e m o r y  f u n c t i o n i n g  a nd  o t h e r  a s p e c t s  of 
r o q n  i t i ve f u n c t i o n i n g .  T h e s e m e m o r y  d e f i c i t s  are  to b e 
e x p e c t e d  g i v e n  t his  ('lose a n a t o m i c a l  r e l a t i o n s h i p  b e t w e e n  
the o l f a c t o r y  s y s t e m  and b r a i n  a r e a s  c o n s i d e r e d  to tie 
i n v o l v e d  in h u m a n  m e m o r y .  A p o t e n t i a l  a p p r o a c h  to f u r t h e r  
u n d e r s t a n d i n g  o l f a c t o r y  m e m o r y  f u n c t i o n i n g  wi ll be 
p r e s e n t e d  in the m e t h o d  s e c t i o n  of t h i s  p a p e r .  H o w e v e r ,  
b e f o r e  d e s c r i b i n g  th is a p p r o a c h  it w ill  n e c e s s a r y  to 
r e v i e w  m e t h o d s  u s e d  to d i a g n o s e  a n o s m i a  and h y p o s m i a  in 
c l i n i c a l  p o p u l a t i o n s .
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C l i n i c a l  M e a s u r e s  of Olfactory* F u n c t i o n
Od or i d e n t i f i c a t i o n  is the  t y p i c a l  p r o c e d u r e  
r e c o m m e n d e d  in n e u r o l o g y  t e x t s  for the a s s e s s m e n t  of 
o l f a c t o r y  f u n c t i o n i n g  and for d e t e r m i n i n g  t he  i n t e g r i t y  of 
the first c r a n i a l  n e r v e  (Su m ne r,  196 2) . A c o m m o n  o d o r a n t  
is p r e s e n t e d  to the  p a t i e n t  w h o  is a s k e d  to n a m e  the 
s u b s t a n c e  b e i n g  s m e l l e d .  T h e s e  s u b s t a n c e s  m a y  be s e l e c t e d  
o d o r a n t s ,  for e x a m p l e ;  b l e a c h ,  c l o v e s ,  c o f f e e ,  o r a n g e ,  
p e p p e r m i n t ,  and l a v e n d e r  ( B i c k e r s t a f f , 1968); nr c a m p h o r ,
' l o v e s ,  c o f f e e ,  p e p p e r m i n t  and o t h e r s  u n s p e c i f i e d  
(Brain, 19 6 9) T h e s e  o th er - u n s p e c i f i e d  o d or s ,  m a y  be 
b e d s i d e  s u b s t a n c e s  s u c h  as. foods, m e d i c i n e s ,  or f l o w e r s .
An e v a 1udt i nn of the i dent i f i a 1 u  1 it y of t h e s e  r o m m o n 1y 
r e c o m m e n d e d  o d o r a n t s  y i e l d e d  less t h a n  the e x p e c t e d  near 
perfect, odor ident 1 f ioat i on a b i l i t y  w h e n  200 subjects- w it h  
no h i s t o r y  of o l f a c t o r y  d i s t u r b a n c e  w e r e  s t u d i e d  (S um ne r,
1 9 6 2'!. d o i n g  9 of t he must c n mmo  n 1 y r ec a mm e rid ed s u b s t a n c e  n 
and  i s u h s t n n c e s  i n f r e q u e n t l y  r e c o m m e n d e d  in n e u r o l o g y  
t e x t b o o k s ,  on a v e r a g e  o n l y  6 of t h e s e  12 o d o r a n t s  w e r e  
c o r r e c t l y  i d e n t i f i e d .  S u m n e r  (1962) c o n c l u d e d  that the 
t e x t b o o k s  he r e v i e w e d  had  r e c o m m e n d e d  s u b s t a n c e s  of low 
i de n  t. i f i a b i 1 i t y and that m o r e  e f f e c t i v e  o d o r a n t s  o u g h t  to 
be used. S u m n e r  u t i l i z e d  c o f f e e ,  lemon, tar, and 
b e n z a l d e h y d e  ( a l mo n d)  w h i c h  led to s l i g h t l y  i m p r o v e d  
p e r f o r m a n c e ,  but s t i l l,  o n l y  3 7 . 6 %  of s u b j e c t s  c o u l d
34
i d e n t i f y  all four s u b s t a n c e s ,  a nd  34 .1 % c o u l d  i d e n t i f y  no 
mo re t h a n  t w o .
G i v e n  t h e  poor p e r f o r m a n c e  of n o r m a l s  on s u c h  odor
i d e n t i f i c a t i o n  t a s k s,  it is not s u r p r i s i n g  t h a t  n e u r o l o g y
m a n u a l s  d e s c r i b e  r a t h e r  poor c r i t e r i a  for th e 
d e t e r m i n a t i o n  of n o r m a l  o l f a c t o r y  f u n c t i o n .  B i c k e r s t a f f  
(19 6 8, p. 36) d e s c r i b e s  p a t i e n t s  w h o e x h i b i t  a c c e p t a b l e  
o l f a c t o r y  f u n c t i o n  as "(a) T h o s e  w h o  r e c o g n i z e  and n a m e 
o d o r s  q u i c k l y  ( u s u a l l y  w o m e n ) ,  (b) T h o s e  w h o  r e c o g n i z e ,  
hut c a n n o t  n a m e  t h e m  ( u s u a l l y  me n),  (r) T h o s e  w h o  ca n  
d e t e c t  a s m e l l ,  and e a s i l y  d i s t i n g u i s h  d i f f e r e n c e s ,  but 
can n e i t h e r  r e c o g n i z e ,  nor n a m e  them ".  S u c h  v a g u e  c r i t e r i a  
p r o m p t e d  B i c k e r s t a f f  (1*16 8, p. 36) to o b s e r v e  that t e st s  
of o 1 f a c t o r y funrt ion "... f o r m  o n e  of the least
s a t i s f a c t o r y  p a r t s  of the w h o l e  ( n e u r o l o g i c a l  )
px.imi nat ion . "
C. i i n (19 7 7) p r o p o s e d  that t fie i d e n t i f i c a t i o n  of an 
odor ant i n v o l v e s  s e v e r a l  l e v e l s  of p r o c e s s i n g .  S e n s o r y  
p r o c e s s i n g  i n c l u d e s  the d e t ec t  ion of an odor and 
r u d i m e n t a r y  d i s c r i m i n a t i o n  f r o m  o t he r  p o s s i b l e  o d o r a n t s .  
C o g n i t i v e  p r o c e s s i n g  i n c l u d e s  r e c o g n i z i n g  the odor and 
r e t r i e v i n g  an a p p r o p r i a t e  v e r b a l  label f r o m  m e m o r y .  
I n a b i l i t y  to i d e n t i f y  an o d o r a n t  m a y  r e s u l t  f r o m  a 
p r o c e s s i n g  f a i l u r e  at a n y  level, t h u s  a f a i l u r e  of 
r e t r i e v a l  m i g h t  be d u e  to c o g n i t i v e  loss r a t h e r  t h a n  a 
? e n r. o r y lo s s .
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I n d i v i d u a l s  w i t h  n o r m a l  o l f a c t o r y  a b i l i t y  s h o u l d  
p e r f o r m  w i t h  f e w  e r r o r s  on an o d o r  i d e n t i f i c a t i o n  test 
u s i n g  c o m m o n ,  e a s i l y  i d e n t i f i a b l e  o d o r a n t s ,  w h i l e  
i n d i v i d u a l s  w i t h  o l f a c t o r y  d i s t u r b a n c e  s h o u l d  p e r f o r m  
p o o r l y  on a p r o p e r l y  c o n s t r u c t e d  t est  of a n o s m i a ,  
a c c o r d  inq t n C a i n  (1977). In o r d e r to a c h i e v e  t hi s  
s e p a r a t i o n  of g r o u p s  w i t h  an o l f a c t o r y  test, C a i n  and 
K r a u s e  (1979) c o n d u c t e d  a s e r i e s  of e x p e r i m e n t s  f r o m  w h i c h  
t h e y  d e v e l o p e d  a n u m b e r  of " r u l e s  for odor i d e n t i f i c a t i o n  
t e s t i n g . "  R u l e  one p r o p o s e s  the  us e of o d o r a n t s  wi t h  
e c o l o g i c a l  v a l i d i t y ,  i.e., h i g h  f a m i l i a r i t y ,  and a w i d e  
q u a l i t a t i v e  rang e. R u l e  two s u g g e s t s  that e x a m i n e r s  a v o i d  
s e n s o r y  c o g n i t i v e  c o n f o u n d i n g  by p r e s e n t i n g  s u b j e c t s  w i t h  
a mult iple c h o i c e  p r o c e d u r e  in w h i c h  odor n a m e s  are 
p r e s e n t e d  w i t h  a w o r d  list d u r i n g  the s m e l l i n g  of an 
odor ant . S u b j e c t s  w h o  c a n n o t  r e a d  well s h o u l d  be o r a l l y  
i n f o r m e d  of the n a m e s  of o d o r a n t s  p r i or  to odor ant 
i n h a l a t i o n .  R u l e  t h r e e  p r o v i d e s  th at, s u b j e c t s  s h o u l d  be 
g i v e n  c o r r e c t i v e  f e e d b a c k  d u r i n g  t e s t i n g  in i n s t a n c e s  
w h e r e  an o dor  is p e r c e i v e d  but not c o r r e c t l y  n am e d ,  so 
that ( R u le  F o u r )  on s u b s e q u e n t  p r e s e n t a t i o n s  of the 
o d o r a n t  s u b j e c t s  m a y  p e r f o r m  a c c u r a t e l y  d u e  to p r a c t i c e  
e f f e c t s  that r a p i d l y  e n h a n c e  o do r  d e t e c t i o n  and 
d i s c r i m i n a t i o n .  L a s t l y ,  ( R ul e F i v e )  a s u b j e c t ' s  i n a b i l i t y  
to p e r f o r m  at a n ear  p e r f e c t  level or to b e n e f i t  f r o m
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p r a c t i c e  u t i l i z i n g  t h e s e  g u i d e l i n e s  s h o u l d  lead to the 
s u s p i c i o n  of an o l f a c t o r y  d i s o r d e r .
L a b o r a t o r y  s t u d i e s  h a v e  e x a m i n e d  o l f a c t o r y  t h r e s h o l d s  
u t i l i z i n g  c l a s s i c a l  p s y c h o p h y s i c a 1 t e c h n i q u e s .  Sig na l  
d e t e c t i o n  m e t h o d o l o g i e s  h a v e  b e e n  e m p l o y e d  in s t u d i e s  of 
odor d e t e c t i o n  a n d  d i s c r i m i n a t i o n ,  and th e h e d o n i c  
p r o p e r t i e s  ( p l e a s a n t n e s s  v e r s u s  u n p l e a s a n t n e s s )  of 
o l f a c t o r y  s t i m u l i  h a v e  b e e n  e x a m i n e d  e x t e n s i v e l y  in the 
l a b o r a t o r y  as well (S mith, 1 9 8 6 ).  S t a n d a r d i z e d  c l i n i c a l  
t e s t s  of o l f a c t i o n  ar e a f a i r l y  recent, d e v e l o p m e n t .  T h e r e  
a r e  two  f r e q u e n t l y  u s e d  c l i n i c a l  m e a s u r e s  of o l f a c t o r y  
funct i n n i n g  d e v e l o p e d  iri th e U n i t e d  S t a t e s ,  and one f ro m  
Japan. T h e s e  will he d e s c r i b e d  in d e t a i l  be lo w .
T he  C o n n e c t i c u t  C l i n i c a l C h e m o s e n s o r y  R e s e a r c h  C e n ter 
lest
T he  C o n n e c t  icut C l i n i c a l  O h e m o s e n s o r y  R e s e a r c h  C e n t e r  
( CC cp C t o l f a c t o r y  d y s  funct ion test was developied by Ca i n , 
Cent , C a t a l a n o t t o  and C o o d s p e e d  (1 9 8 3). It. i n v o l v e s  a 
t h r e s h o l d  c o m p o n e n t  and an odor ident i f i c u t i o n  c o m p o n e n t  . 
T h e  t h r e s h o l d  te st us es a s e r i e s  of 10 c o n c e n t r a t i o n s  of 
b u t a n o l  p r e s e n t e d  to the  suhipi-t >n an a m e n d i n g  s e q u e n c e .  
B e g i n n i n g  w i t h  the  w e a k e s t  c o n c e n t r a t i o n  of b u t a n o l  
( 0 . 0 0 0 0 0 0 2 %  d i l u t i o n )  in a p l a s t i c  s q u e e z e  b o t t l e  wit it a 
p o p  up s p o ut ,  the s u b j e c t  has to c h o o s e  b e t w e e n  the 
s t i m u l u s  an d a b l a n k  b o t t l e  c o n t a i n i n g  d e i o n i z e d  w a t er . If 
the p a t i e n t  f a i l s  to c h o o s e  t h e  s t i m u l u s  b o t t l e ,  the next
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s t r o n g e s t  c o n r e n t  rat ion is p r e s e n t e d .  W h e n  a c o r r e c t  
c h o i c e  is m a d e , th e s u b j e c t  is p r e s e n t e d  w i t h  t h e  s a m e  
c o n r e n t r a t  ion a l o n g  w i t h  a b l a n k ,  u n t i l 4 c o r r e c t  c h o i c e s  
a re  m a d e  at a g i v e n  s t i m u l u s  c o n c e n t r a t i o n . T h e  h i g h e s t  
c o n c e n t r a t i o n ,  and last d i l u t i o n  s t e p  is a 4% s o l u t i o n  of 
b u t a n o l .  E a c h  n o s t r i l  is t e s t e d  s e p a r a t e l y  w i t h  the 
u n t e s t e d  n o s t r i l  h e l d  c l o s e d ,  and the c o n c e n t r a t i o n  at 
w h i c h  four c o n s e c u t i v e  c o r r e c t  s e l e c t i o n s  is m a d e  
e s t a b l i s h e s  the b u t a n o l  t h r e s h o l d  for e a c h  n o s t r i l .
T he  odor i d e n  t i f i ca t. i ori c o m p o n e n t  i n v o l v e s  p r e s e n t i n g  
the s u b j e c t  w i t h  e i g h t  c o m m o n  o d o r a n t s  in o p a q u e  p l a s t i c  
iars, o n e at a t i m e . T h e o d o r o u s  s u b s t a n c e s  a r e  w r a p p e d  in 
g a u z e  to p r e v e n t  v i s u a l  i d e n t i f i c a t i o n .  T h e  s u b j e c t  is 
p r e s e n t e d  an o d o r un t  and a list of t w e n t y  odor n a m e s  that 
i n c l u d e s  the eight tar get  s u b s t a n c e s  and t w e l v e  
d i s t r a c t o r s .  A f t e r  s m e l l i n g  the o d o r a n t  b r i e f l y ,  the 
s u b j ec t  is i n s t r u c t e d  to s e l e c t  the n a m e  of the odor just 
s m e l l e d  f r o m  th e odor n a m e  list. If a s u b j e c t  i n c o r r e c t l y  
i d e n t i t i e s  an odor s t i m u l u s  t h e y  a r e  i n f o r m e d  of the e r r o r  
and p r e s e n t e d  a n e w  s t i m u l u s .  A n y  o d o r s  m i s s e d  on the 
f ir st  p r e s e n t a t i o n  a r e  p r e s e n t e d  a g a i n  and if th e s u b j e c t  
c o r r e c t l y  i d e n t i f i e s  t h e o d o r a n t  on the s e c o n d  
a d m i n i s t r a t i o n  t h e y  a r e  g i v e n  full c r e d i t  for that 
o d o r a n t .  E a c h  n o s t r i l  is t e s t e d  i n d i v i d u a l l y ,  an d a s c o r e  
for e a c h  n o s t r i l  is c o m p u t e d  as in the  t h r e s h o l d  test .
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T he  C C C R C  o d o r a n t s  w e r e  s e l e c t e d  b a s e d  u p o n  p r e v i o u s  
s t u d i e s  of o d o r a n t  i d e n t  i f i ab i 1 i ty  s u c h  th at t h e  stin.uli 
s e l e c t e d  w e r e  a m o n g  t h o s e  i d e n t i f i e d  w i t h  n e a r l y  100% 
a c c u r a c y  by n o r m a l  s u b j e c t s  (C a in  et al., 1983 ).  T h e s e  
o d o r a n t s  i n c l u d e  b a b y  p o w d e r ,  s o ap,  c h o c o l a t e ,  c o f f e e ,  
p e a n u t  b u t t e r ,  c i n n a m o n ,  m o t h b a l l s ,  and V i c k ' s  b r a n d  V a p o  
Rub. The V i c k ' s  V d p o - R u b  is i n c l u d e d  as a te st  o d o ra n t 
s i n c e  it is p r i m a r i l y  a t r i g e m i n a l  s t i m u l a n t  ( C a in  et al., 
1983) and is not i n c l u d e d  in the s c o r i n g  p r o c e d u r e  for the 
a s s e s s m e n t  of a n o s m i a .  T h e t r i g e m i n a l ,  or f i f t h  c r a n i a l  
nerv e, e n e r v a t e s  the s k i n  and  m u s c u l a t u r e  of the face w it h  
t e r m i n a t i o n s  in th e n a s al  and  oral c a v i t i e s .  It is 
r e f e r r e d  to as the c o m m o n  c h e m o s e n s o r y  n e r v e  s i n c e  it ran 
be s t i m u l a t e d  by i r r i t a t i n g  i n t r a n a s a l  or i n t r a o r a l  
s t i m u l i  like a m m o n i a  or hot p e p p e r  (Doty, 1992). Its 
i n c l u s i o n  in an o l f a c t o r y  test is u s e f u l  for d e t e c t i n g  
m a l i n g e r i n g  s i n c e  t r i g e m i n a l  s e n s a t i o n  is o f t e n  
u n d i s t u r b e d  in o l f a c t o r y  d i s o r d e r s .  Al so , one or two 
s u p p l e m e n t a l  t r i a l o d o r a n t s  of the e x a m i n e r ' s  c h o o s i n g  may­
be i n c l u d e d  if the e x a m i n e r  w i s h e s ,  but t h e s e  items are 
not s c o r e d .  T h e r e f o r e ,  s e v e n  o d o r a n t s  a r e  s c o r e d  for e ac h  
n o s t r i l  and  t o g e t h e r  w i t h  the t h r e s h o l d ,  the  odor 
i d e n t i f i c a t i o n  s c o r e  for b o t h  n o s t r i l s  c o n s t i t u t e  the 
m e a s u r e s  u se d for the c l i n i c a l  d e t e r m i n a t i o n  of a n o s m i a ,  
d y s o s m i a ,  or n o r m a l  o l f a c t o r y  f u n c t i o n i n g .  S i n c e  s o m e  
v a r i a b i l i t y  b e t w e e n  n o s t r i l s  is n o r m a l  the n o s t r i l  w i t h
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the h i g h e s t  s c o r e  for e a c h  c o m p o n e n t  of th e te st is 
e n t e r e d  i nt o the to ta l or c o m p o s  ite s c o re ,  wh ich i n c l u d e s  
t h e  t h r e s h o l d  sc o r e .  L o w e r  c o n c e n t r a t i o n  s t e p s  or m o r e  
d i l u t e  b u t a n o l  s o l u t i o n s  in th e t h r e s h o l d  t e s t  r e c e i v e  
h i g h e r  s c o r e s  t h a n  the le ss d i l u t e  c o n c e n t r a t  ions, r a n g i n g  
f r o m  a s c o r e  of 10 for t h e m o s t  d i l u t e  ( 0 . 0 0 0 0 0 0 2 %  
s o l u t i o n )  to 1 for the least d i l u t e  step , (a 4% d i l u t i o n  
of n - b u t y l  a l c o h o l ) .
In the in it ial  s t u d y  of t he  C C C R C  te st  99 p a t i e n t s  
w i t h  c o m p l a i n t s  of s m e l l i n g  d i s o r d e r s  and 69 n o r m o s m i c  
c o n t r o l s  w e r e  e v a l u a t e d .  C a i n  et al. (1983) f o u n d  that 90% 
of the  c o n t r o l  s u b j e c t s  had t h r e s h o l d s  at the  7th d i l u t i o n  
s t e p  or b e t t e r ,  w h i l e  o n l y  19% of the  p a t i e n t s  had 
t h r e s h o l d  s c o r e s  at t his  step . In the p a t i e n t  g r o u p  49% 
had  t h r e s h o l d s  at th e f i r st  d i l u t i o n  s t e p  w i t h  40% of the 
p a t i e n t s  f a i r l y  e q u a l l y  d i s t r i b u t e d  a c r o s s  the  r e m a i n i n g  
five d i l u t i o n  s t e p s ,  2 t h r o u g h  6. T h e  odor i d e n t i f i c a t i o n  
task y i e l d e d  s i m i l a r  r e s u l t s .  E i g h t y - f i v e  p e r c e n t  of the 
n o r m a l  s u b j e c t s  c o r r e c t l y  i d e n t i f i e d  6 or 7 of the 7 
s c o r e d  o d o r a n t s ,  w h i l e  o n l y  12% of the p a t i e n t s  w e r e  a bl e  
to i d e n t i f y  t h i s  m a n y  o d o r a n t s .  F i f t y - f i v e  p e r c e n t  of the 
p a t i e n t s  c o u l d  not c o r r e c t l y  i d e n t i f y  a n y  of the  odor 
s t i m u l i ,  20% i d e n t i f i e d  o n l y  1 to 2, and the r e m a i n i n g  
p a t i e n t s  (13%) s c o r e d  b e t w e e n  3 and 9 c o r r e c t .  W h i l e  the 
two  p a r t s  of t h e  tes t p r o d u c e d  s i m i l a r  d i a g n o s t i c  r e s u l t s  
and  th u s  c o n v e y e d  s i m i l a r  i n f o r ma t  ion, Ca in et al., (1983)
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o b s e r v e d  t ha t s o m e  of t h e  p a t i e n t s  had n o r m a l  or n e a r l y  
n o r m a l  t h r e s h o l d  s c o r e s  but poo r i d e n t i f i c a t i o n  s c o r e s ,  
s u g g e s t i n g  th at t h e  t wo  m e a s u r e s  d o  not a l w a y s  m e a s u r e  the 
s a m e  p r o c e s s  or p r o v i d e  i d e n t i c a l  i n f o r m a t i o n .
T he  a b i l i t y  of the C C C R C  to d i s c r i m i n a t e  s u b j e c t s  
w i t h  o l f a c t o r y  d y s f u n c t i o n  f r o m  n o r m a l s  w a s  e v a l u a t e d  in a 
l a r g er  s t u d y  w i t h  670 s u b j e c t s  (Cain, G o o d s p e e d ,  G e n t,  & 
L e o n a r d ,  198 0).  S m e l l i n g  d i s o r d e r e d  s u b j e c t s  i n c l u d e d  
p a t i e n t s  w i t h  a h i s t o r y  of r a s a l / s i n u s  d i s e a s e  (e.g., 
p o l y p o s i s ,  p a n s i n u s i t i s )  ( 3 0 . 2 % ) ,  p o s t - u p p e r  r e s p i r a t o r y  
i l l n e s s  ( P o s t U R I ) ( 1 8 . 6 1) ,  h e a d  t r a u m a  (8. 6% ),  and 
i d i o p a t h i c  h y p o s m  i a / a n o s m  i a (21 .0 %) (N 441). C o n t r o l
s u b j e c t s  w e r e  pa i d  v o l u n t e e r s  (N - 229), and for b ot h
g r o u p s  t h e r e  w e r e  n e a r l y  e q ua l  n u m b e r s  of m a l e s  and 
f e m a l e s ,  w i t h  a g e s  r a n g i n g  f r o m  6 to 8 6 y e a r s  old. In the 
n o r m a l  group) f e m a l e s  p e r f o r m e d  s l i g h t l y  b e t t e r  t h a n  m a l e s ,  
a n d  C C C R C  s c o r e s  d e c l i n e d  w i t h  age  b e g i n n i n g  in the s i x t h  
d e c a d e .
T he  c l i n i c a l  s u b j e c t s  d i d  not so c l e a r l y  d e m o n s t r a t e  
sex  and a g e  d i f f e r e n c e s  as b o t h  s e x e s  an d  all a g e  g r o u p s  
h ad  h i g h e r  t h r e s h o l d s  and  lower  i d e n t i f i c a t i o n  s c o r e s  in 
all p a t i e n t  g r o u p s .  T h e  m o s t  i m p a i r e d  g r o u p  was the 
n a s a l / s i n u s  d i s e a s e  g r o u p ,  f o l l o w e d  by t h e h e a d  t r a u m a  
g r o u p ,  w i t h  the P o s t - U R I  g r o u p  b e i n g  le ast i m p a i r e d ,  but 
s t i l l  s i g n i f i c a n t l y  i m p a i r e d  r e l a t i v e  to n o r m a l s .  In 
a d d i t i o n  C C C R C  c o m p o s i t e  s c o r e s  ( i d e n t i f i c a t i o n  and
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t h r e s h o l d )  i m p r o v e d  to n o r m o s m i c  l e v e l s  for p a t i e n t s  who  
had  s u b s e q u e n t  n a s a l  s u r g e r y ,  and i m p r o v e m e n t s  w e r e  a l s o  
n o t e d  in s o m e  p a t i e n t s  t r e a t e d  w i t h  the c o r t i c o s t e r o i d  
p r e d n i s o n e  (50 mg d a i l y ) .  P o s t - U R I  s u b j e c t s  d i d  not 
r e s p o n d  to th i s  t r e a t m e n t  r e g i m e n ,  w i t h  s c o r e s  r e m a i n i n g  
the s a m e  at d a y  1, d a y  4, and  d a y  7 of t e s t i n g  i n d i c a t i n g  
g o o d  t e s t - r e t e s t  s t a b i l i t y  in a c l i n i c a l  s a m p l e  (C ain et 
al., 1988 ). F u r t h e r  i m p r o v e m e n t  to n o r m a l  o l f a c t o r y  
f u n c t i o n i n g  o c c u r r e d  for t h i s  last g r o u p  as the 
r e s p i r a t o r y  infect ion was  r e s o l v e d  over a p e r i o d  of w e e k s .
T he  U n i v e r s i t y  of P e n n s y l v a n i a  S m ell  I d e n t i f 1c a t i o n  
Te s t
T he  U n i v e r s i t y  of P e n n s y l v a n i a  S m e l l  I dent if irat ion 
T est  (UP S IT )  d e v e l o p e d  by D o ty ,  S h a m a n ,  and  D a n n  (1984), 
use s 40 m i c r o e n c a p s u l a t e d  odor a n t s  to te st  o l f a c t o r y  
f u n c t i o n .  D o t y  et al. (1984 ) d e s c r i b e  a s e r i e s  of 
e x p e r i m e n t s  f r o m  w h i c h  the  U P S I T  was d e v e l o p e d .  T h e HE’S IT 
e m p l o y s  " s c r a t c h  and s n i f f "  l a b e l s  p r o d u c e d  by th e 3M 
C o m p a n y  of M i n n e a p o l i s ,  M i n n e s o t a .  S u b j e c t s  s c r a t c h  the 
o d o r a n t  labe l, s n i f f  the o d o r a n t  b i r h i n a l l y ,  a nd  a t t e m p t  
to i d e n t i f y  the od or f r o m  four p o s s i b l e  odor n a m e s  p r i n t e d  
on a f o r m  a d j a c e n t  to the  o d o r label. T h e  U P S I T  f r a g r a n c e s  
w e r e  r a t e d  and a d j u s t e d  for h e d o n i c  c h a r a c t e r i s t i c s  .
G e n d e r  and  age d i f f e r e n c e s  w e r e  found, w i t h  f e m a l e s  
s c o r i n g  h i g h e s t  a n d  s c o r e s  d e c l i n i n g  w i t h  a ge  f r o m  the 
s i x t h  t h r o u g h  the t e n t h  d e c a d e  (Doty, et al., 1984).
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T he  U P S I T  s c o r e s  d i s c r i m i n a t e d  a m o n g  c o n t r o l  and  
u p p e r  r e s p i r a t o r y  d i s e a s e  s u b j e c t  g r o u p s  as w e l l  as 
s u b j e c t s  w i t h  k n o w n  o l f a c t o r y  d e f i c i t s  s u c h  as K a l l m a n ' s  
s y n d r o m e  (a c o n g e n i t a l  h y p o g o n a d a l  d i s o r d e r ) ,  K o r s a k o f f ' s  
s y n d r o m e ,  and M u l t i p l e  S c l e r o s i s .  K a l l m a n ' s  and 
K o r s a k o f f ' s  s y n d r o m e  s u b j e c t s  s c o r e d  in the  a n o s m i c  r a n g e  
( U P S I T  s c o r e s  of 12 to 19 out of a p o s s i b l e  40) a n d  m a n y  
M u l t i p l e  S c l e r o s i s  s u b j e c t s  s c o r e d  in t h e n o r m a l  r a n g e  (39 
to 37 out of 40), e x c e p t  for t h o s e  w i t h  a lo n g e r  d u r a t i o n  
of i l l n e s s  w h o  s c o r e d  in the  h y p o s m i c  r a n g e  (19 to 30).
D o t y  et al. (1084) e x a m i n e d  th e t e s t ' s  s t a b i l i t y  and found  
that the U P S I T  had  a test r e t e s t  r e l i a b i l i t y  coefficient, 
of 0,^1, an d d e t e r m i n e d  that U P S I T  s c o r e s  c o r r e l a t e d  w i t h  
d e t e c t i o n  t h r e s h o l d s  for p h e n y l  e th yl a l c o h o l  w i t h  a 
n e g a t i v e  r e l a t i o n s h i p  of - 0 . 79  for n o r m a l  s u b j e c t s .
T h e  T &T 0 1 f a c t n met  e r
C l i n i c a l  a s s e s s m e n t  of o l f a c t o r y  d y s f u n c t i o n  u s i n g  
s t a n d a r d i z e d  m e t h o d s  h a v e  e m p l o y e d  e i t h e r  th e C C C F C  or the 
U P S I T  in the r e c e n t  o l f a c t o r y  d i s o r d e r s  l i t e r a t u r e .  T h e r e  
is h o w e v e r  a s t a n d a r d i z e d  o l f a c t o r y  t e s t  d e v e l o p e d  in 
J a p a n ,  the T & T  O l f a c t o m e t e r  d e v e l o p e d  by  T o y o t a  and  T a k a g i  
( T a k a g i ,  19 8 9 ) .  T h e  T & T  O l f a c t o m e t e r  e m p l o y s  9 te st odor 
s o l u t i o n s ,  d i l u t e d  in 0 s t e p s  each, an d i n c l u d e s  o d o r a n t s  
w i t h  b o t h  p o s i t i v e  a n d  n e g a t i v e  h e d o n i c  p r o p e r t i e s .  T he  
T & T  O l f a c t o m e t e r  is u s e d  to d e t e r m i n e  the d e t e c t i o n  
t h r e s h o l d  and t. fie r e c o g n i t i o n  t h r e s h o l d  of s u b j e c t s  for
43
e a c h  of the 5 s o l u t i o n s ,  and has b e e n  u s e d  p r i m a r i l y  in 
the  a s s e s s m e n t  of p a t i e n t s  w i t h  n a s a l  a i r w a y  a n d  u pp er 
r e s p i r a t o r y  d i s o r d e r s  in h i g h l y  I n d u s t r i a l i z e d  d i s t r i c t s  
of J a p a n  ( T a k a g i ,  1 9 89 ) .  It has  not b e e n  u t i l i z e d  in the 
s t u d y  of a n o s m i a  in n e u r o l o g i c a l  g r o u p s ,  w i t h  the 
e x c e p t i o n  of t h e  i n i t i a l  r e s e a r c h  th at  n o t e d  o l f a c t o r y  
d e f i c i t s  in a s m a l l  n u m b e r  of h e a d  i n j u r y  p a t i e n t s .
Comparisons of the Anosmia Measures
T he  C C C R C  a n d  the  U P S I T  h a v e  b e e n  c o m p a r e d  in t e r m s 
of t h e i r a b i l i t y  to d e t e c t  o l f a c t o r y  d y s f u n c t i o n  in a 
tjroup of SO p a t i e n t s  w i t h  c h e m o s e n s o r y  r o m p l a i n t s  . C a i n  
a nd  R a b i n  (1989) f o u n d  h i g h  a g r e e m e n t  b e t w e e n  th e two 
test s, w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  of 0.92. T he  U P S I T  
c o r r e l a t e d  bes t w i t h  the  odor i d e n t i f i c a t i o n  c o m p o n e n t  of 
the C C C R C  test (r - 0 . 9 5 ),  w h i l e  the U P S I T  s c o r e  an d the 
C C C R C  t h r e s h o l d  s c o r e  w e r e  le ss  h i g h l y  c o r r e l a t e d  (r- 
0 . 7 6 ).  C a i n  and R a b i n  (1989) c o n c l u d e d  that the two t e s t s  
will y i e l d  c o m p a r a b l e  d i a g n o s t i c  i n f o r m a t i o n ,  and  that the 
C C C R C  t h r e s h o l d  c o m p o n e n t  has th e a d v a n t a g e  of p r o v i d i n g  
s p e c i f i c  t h r e s h o l d  i n f o r m a t i o n  w h i l e  t h e  U P S I T  has the 
a d v a n t a g e  of e x t e n s i v e l y  a s s e s s i n g  odor i d e n t i f i c a t i o n  
f un ct  i on i n g .
T h e r e  a re  ot he r f e a t u r e s  of the t w o  t e s t s  t ha t  a r e 
r e l e v a n t  to th ei r c l i n i c a l  u t i l i t y .  T h e  U P S I T  is h i g h l y  
p o r t a b l e ,  it c a n  be c o m p l e t e d  at h o m e  an d is e a s i l y  
p r o c e s s e d  t h r o u g h  the mail m a k i n g  it u s e f u l  for r e m o t e
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t e s t i n g  a nd  c e r t a i n  r e s e a r c h  s i t u a t i o n s .  H o w e v e r ,  the 
U P S I T  is e x p e n s i v e ,  a v a i l a b l e  c o m m e r c i a l l y  for $26 per 
te st b o o k l e t ,  and d o e s  not h a v e  a t h r e s h o l d  c o m p o n e n t .  T h e  
C C C R C  is less c o s t l y  to a d m i n i s t e r  an d i n c l u d e s  b o t h  a 
t h r e s h o l d  c o m p o n e n t  and a t r i g e m i n a l  s t i m u l a n t .  The 
t h r e s h o l d  c o m p o n e n t  is u s e f u l  in d i s c r i m i n a t i n g  s e n s o r y  
f r o m  p e r c e p t u a l  and  c o g n i t i v e  d y s f u n c t i o n  in o l f a c t i o n .
T he  t r i g e m i n a l  c o m p o n e n t  is u s e f u l  for t he  d e t e c t i o n  of 
m a l i n q e r i n g  s i n c e  s t r o n g  t r i g e m i n a l  s t i m u l a t i o n  will c a u s e  
a faci al  g r i m a c e  or h e a d  w i t h d r a w a l  e v e n  w h e n  o l f a c t o r y  
f u n c t i o n i n g  is i m p a i r e d  (Cain, 1977 ),  A d i s a d v a n t a g e  of 
botti t e s t s  is that t h e y  r e q u i r e  c e r t a i n  l a n g u a g e  s k i l l s .  
R e a d i n g  s k i l l s  are n e e d e d  for b o t h  te st s ,  and the  s t a n d a r d  
C C C R C  i n v o l v e s  v e r b a l  r e s p o n d i n g .  T h i s  l i m i t s  the 
u s e f u l n e s s  of t h e s e  m e a s u r e s  in the  a s s e s s m e n t  of p a t i e n t s  
w h o s e  d i s a b i l i t y  m a y  i n c l u d e  l i m i t e d  or i m p a i r e d  l a n g u a g e  
f u n c t i o n i n g .  A m e t h o d  of o v e r c o m i n g  t h e s e  l a n g u a g e  
r e q u i r e m e n t s  wi ll be d i s c u s s e d  ne xt  in c o n j u n c t i o n  w i t h  
the m a i n  p u r p o s e  of the  p r e s e n t  s t u d y .  T h i s  m a i n  p u r p o s e  
is to f u r t h e r  i n v e s t i g a t e  the  r o l e  of t e m p o r a l  lo be  and 
o r b 1t o f r o n t a  1 b r a i n  a r e a s  w i t h  r e g a r d  to o l f a c t i o n  and 
o l f a c t o r y  m e m o r y  f u n c t i o n i n g  in t h r e e  n e u r o l o g i c a l  g r o u p s .
Rationale for the Present Study
N u m e r o u s  s t u d i e s  h a v e  s h o w n  t hat  o l f a c t o r y  d e f i c i t s  
and  o l f a c t o r y  m e m o r y  p r o b l e m s  m a y  r e s u l t  f r o m  d a m a g e  to
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b r a i n s t e m ,  l i m bi c ,  t e m p o r a l  lobe, a n d o r b i t a l  f r o n t a l  
b r a i n  a r e a s .  T h e  m a j o r i t y  of e x p e r i m e n t a l  s t u d i e s  of 
o l f a c t o r y  d i s t u r b a n c e  h a v e  f o c u s e d  u p o n  the a b i l i t y  of 
s u b j e c t s  to r e c o g n i z e  o d o r s  or r e t a i n  od or  i n f o r m a t i o n .  A 
f e w  s t u d i e s  h a v e  e x a m i n e d  o d o r  i d e n t i f i c a t i o n  a b i l i t i e s .
In d e t e r m i n i n g  od or  i d e n t i f i c a t i o n  a b i l i t i e s ,  c l i n i c a l  
m e a s u r e s  t y p i c a l l y  r e q u i r e  e i t h e r  a v e r b a l  or r e a d i n g  
r e s p o n s e .  T h i s  m a y  be a l i m i t i n g  f a c t o r  in p o p u l a t i o n s  
w i t h  v e r b a l  p r o c e s s i n g  and  v e r b a l  m e m o r y  i m p a i r m e n t s .  O n e  
e a r l y  s t u d y  ( G o r d o n  and  S p e r r y ,  1969) u t i l i z e d  a n o n v e r b a l  
r e c o g n i t i o n  p r o c e d u r e ,  a n d  f o u n d  that o dor  i n f o r m a t i o n  
p r e s e n t e d  to s u b j e c t ' s  r i q h t  h e m i s p h e r e ,  v ia  the right 
n o s t r i l  in c o m m i s u r n t o m i z e d  s u b j e c t s ,  was p r o c e s s e d  
n o n v e r b a l l y ,  w h i l e  the left h e m i s p h e r e  wa s m o r e  e f f e c t i v e  
at v e r b a l  p r o c e s s i n g  of odor i n f o r m a t i o n .  A r i g h t  n o s t r i l ,  
r i g h t hemisp>here a d v a n t a g e  in o l f a c t o r y  p r o c e s s i n g  w a s  
a l s o  r e p o r t e d  in a t e m p o r a l  l o b e c t o m y  g r o u p  (J o ne s G o t m a n  
& Z a t o r r e ,  1988) and in n o r m a l  s u b j e c t s  ( Z a t o r r e  & J o n e s  
Go t rnan, 19 9 0).
By e x t e n d i n g  t h i s  r a t i o n a l e  and  t e s t i n g  s u b j e c t s  w i t h  
w o r d  li s ts  for s o m e  o d o rs , and p i c t u r e  r e p r e s e n t a t i o n s  for 
a n o t h e r  set of o d o r a n t s  it m a y  be p o s s i b l e  to m a x i m i z e  
r i g h t  an d left h e m i s p h e r e  o do r p r o c e s s i n g  a b i l i t i e s .  U s i n g  
b o t h  a v e r b a l  and a n o n v e r b a l  (v is ual  i d e n t i f i c a t i o n )  
o l f a c t o r y  t e s t i n g  p r o c e d u r e ,  o l f a c t o r y  t e s t i n g  was 
a c c o m p l i s h e d  in b o t h  m o d a l i t i e s  and th e e f f e c t s  of
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l a t e r a l i z e d  v e r b a l  or v i s u a l  o d o r  p r o c e s s i n g  d e f i c i t s  
c o u l d  be d i s t i n g u i s h e d  f r o m  g e n e r a l i z e d  o l f a c t o r y  
d e f i c i t s .  In a d d i t i o n ,  e x a m i n i n g  b o t h  i m m e d i a t e  odor 
i d e n t i f i c a t i o n  a b i l i t i e s  a n d  d e l a y e d  o d o r  r e c o g n i t i o n  
a b i l i t i e s  of s u b j e c t s  p r o v i d e d  an a p p r o a c h  to g a i n i n g  a 
g r e a t e r  u n d e r s t a n d i n g  of t h e  r o l e  of t e m p o r a l  a n d  
o r b i t o f r o n t a  1 o l f a c t o r y  c o r t e x  in o l f a c t o r y  m e m o r y  
f u n c t i o n i n g  for t h e s e  d i s t i n c t  o d o r  m e m o r y  c a p a c i t i e s .
T h e r e  are  t h r e e  p a t i e n t  g r o u p s  that w e r e  u t i l i z e d  in 
th is s t u d y  to e v a l u a t e  the r e l a t i o n s h i p  b e t w e e n  d a m a g e  to 
s p e c i f i c  b r a i n  a r e a s  and left v e r s u s  r i ght  n o s t r i l  (and 
v e r b a ]  v e r s u s  n o n v e r b a l )  o l f a c t o r y  d e f i c i t s  in odor 
i d e n t i f i r a t i o n  and d e l a y e d  odor r e c o g n i t i o n .  T w o  g r o u p s  of 
s u b j e c t s  w i t h  a r e c e n t  s t r o k e  of e i t h e r  the left or rig fit 
h e m i s p h e r e ,  and a t h i r d  g r o u p  of s u b j e c t s  w i t h  a r e c e n t  
h i s t o r y  of b r a i n  t r a u m a  w e r e  r e c r u i t e d  for t h i s  stu dy .  
S t r o k e  p a t i e n t s  o f t e n  h a v e  l a t e r a l  ized b r a i n  in ju r y , and 
f r e q u e n t l y  e i t h e r  the r i g h t  or left m i d d l e  c e r e b r a l  a r t e r y  
is i n v o l v e d  ( H a e r e r ,  1 9 8 h ) . L e s s  o f t e n  th e a n t e r i o r  or 
p o s t e r i o r  c e r e b r a l  a r t e r i e s  c a n  o c c l u d e  or r u p t u r e .  Th e 
m i d d l e  c e r e b r a l  a r t e r y  s u p p l i e s  the i n s u l a  a n d  n e a r b y  
c e n t r a l  a r e a s  of the  b r a i n ,  a n d the l a t e r a l  s u r f a c e  of the 
f r o n t a l ,  p a r i e t a l ,  o c c i p i t a l ,  and t e m p o r a l  lobe s.  In the 
p r e s e n c e  of a r t e r i o s c l e r o s i s  and h i g h  b l o o d  p r e s s u r e  or 
g e n e t i c  a b n o r m a l i t i e s  that w e a k e n  the w a l l s  of the 
c e r e b r a l  a r t e r i e s ,  the b r a n c h e s  of t h e  m i d d l e  c e r e b r a l
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a r t e r y  m a y  r u p t u r e  and c a u s e  h e m o r r h a g e  in to  t e m p o r a l  lobe 
c o r t e x  a n d / o r  o t h e r  a r e a s  s u p p l i e d  by  t h i s  a r t e r i a l  
n e t w o r k  ( G i l m a n  & N e w m a n ,  196 7).  T h e  s u d d e n  loss of b l o o d  
s u p p l y  to c o r t i c a l  t i s s u e  w i l l  o f t e n  r e s u l t  in s e n s o r y  
loss a l o n g  w i t h  p a r a l y s i s  on th e  o p p o s i t e  s i d e  of the b o d y  
f r o m  the h e m o r r h a g e .  T r a u m a t i c  b r a i n  i n j u r y  s u b j e c t s  wh o 
h a v e  e x p e r i e n c e d  a c c e 1e r a t i o n / d e c e 1e r a t i o n  i n j u r i e s  
f r e q u e n t l y  h a v e  w i d e s p r e a d  d a m a g e  to t h e  o r b i t o f r o n t a 1 
c o r t e x  and the p o l e s  of th e t e m p o r a l  lobes, t h e r e s u l t  of 
the  b r a i n  c o n t a c t i n g  t h e  c o a r s e l y  r i d g e d  b o n e s  of the 
c r i b r i f o r m  p l a t e  in the b a s e  of the sku l l .
I m p a i r m e n t s  in v i s u a l - s p a t  ial p r o c e s s i n g  are c o m m o n  
in the c a s e  of right, h e m i s p h e r e  s t r o k e ,  and  i m p a i r m e n t s  in 
v e r b a l  f u n c t i o n i n g  a re  o f t e n  s e e n  in th e c a s e  of left 
h e m i s p h e r e  s t r o k e  for m a n y  p a t i e n t s .  T h i s  is not to i m pl y  
an e x c l u s i v e  p a t t e r n  of b r a i n  d a m a g e  in s u c h  i n s t a n c e s ,  
but r a t h e r  what is in fact a rattier t y p i c a l  p a t t e r n  of 
l a t e r a l i z e d  b r a i n  i m p a i r m e n t .  E v a l u a t i n g  the o l f a c t o r y  
f u n c t i o n i n g  of t h e s e  two  p a t i e n t  g r o u p s  w i t h  r e g a r d  to 
t h e i r  a b i l i t y  to i d e n t i f y  o d o r s  u s i n g  e i t h e r  v e r b a l  or 
n o n v e r b a l  od or c u e s  w h i c h  m a x i m i z e  the c a p a c i t i e s  of the 
left and  r i g h t  h e m i s p h e r e s  r e s p e c t i v e l y ,  p r o v i d e s  an 
u n d e r s t a n d i n g  of the e f f e c t  of l a t e r a l i  ze d d a m a g e  on the 
o l f a c t o r y  m e m o r y  s y s t e m .  In a d d i t i o n ,  by g i v i n g  b o t h  
p a t i e n t  g r o u p s  a d e l a y e d  m e m o r y  te st for o d o r s ,  a d d i t i o n a l  
inf or m at  ion a b o u t  th e r o l e  of left and ri gh t t e m p o r a l
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c o r t e x  c o u l d  be o b t a i n e d .  T h e  s a m e  p r o c e d u r e  was f o l l o w e d  
u s i n g  s u b j e c t s  w i t h  c l o s e d  h e a d  i n j u r i e s  i n v o l v i n g  the 
o r b i t o f r o n t a l  c o r t e x  as s u c h  i n j u r i e s  m a y  r e s u l t  in 
a n o s m i a  ( V a r n e y ,  1988 ),  but m a y  not  p r o d u c e  l a t e r a l i z e d  
d i f f e r e n c e s  in v e r b a l  v e r s u s  n o n v e r b a l  m e m o r y  f u n c t i o n .
I n d i v i d u a l  p a t i e n t s  w i t h  a r e c e n t  s t r o k e  or h e a d  
i n j u r y  a r e  no t l i k e l y  to h a v e  w e l l  d e f i n e d  l e s i o n s  in 
e i t h e r  t e m p o r a l ,  or o r b i t o f r o n t a l  ar e a s .  In fact, t h e r e  
m a y  be s o m e  o v e r l a p  in t e r m s  of a f f e r t e d  b r a i n  a r e a s  in 
t h e s e  g r o u p s .  H o w e v e r ,  by t a k i n g  a d v a n t a g e  of th e 
a n a t o m i c a l  r e l a t i o n s h i p  b e t w e e n  r i g h t  a n d  left n o s t r i l s  
and t h e i r  i p s i l a t e r a l  c o r t i c a l  c o n n e c t i o n s  it m a y  be 
p o s s i b l e  to d i f f e r e n t i a t e  the r o l e of u n d e r l y i n g  c o r t i c a l  
s t r u c t u r e s  b y  u s i n g  s e v e r a l  m e a s u r e s  of o l f a c t o : y  
f u n c t i o n i n g .  For e x a m p l e ,  w h e n  d i f f e r e n c e s  in v e r b a l  
v e r s u s  n o n v e r b a l  p r o c e s s i n g  of o l f a c t o r y  i n f o r m a t i o n ,  and 
odor ident i f icat i on v e r s u s  d e l a y e d  od or  r e c o g n i t i o n  are 
f o u n d  w i t h i n  s p e c i f i c  g r o u p s  of p a t i e n t s ,  t h i s  c a n  p r o v i d e  
i n f o r m a t i o n  a b o u t  the r e l e v a n t  e f f e c t s  of d a m a g e  to b r a i n  
a r e a s  s p e c i f i c  to s u c h  g r o u p s .
T h e  p r o c e d u r e s  t ha t w e r e  e m p l o y e d  for e v a l u a t i n g  
s t r o k e  a n d  c l o s e d  he a d  i n j u r y  p a t i e n t s '  p e r f o r m a n c e s  on 
m e a s u r e s  of o l f a c t o r y  i d e n t i f i c a t i o n  and r e c o g n i t i o n  
m e m o r y  a r e  d e s c r i b e d  in d e t a i l  in the m e t h o d  s e c t i o n .  An 
e x t e n d e d  v e r s i o n  of the  C C C R C  o l f a c t o r y  te st  w a s  d e v e l o p e d  
in a s e p a r a t e  p i l o t  s t u d y  and  i n c l u d e s  a n o n v e r b a l  odor
49
i d e n t i f i c a t i o n  t e s t  t h a t  p a r a l l e l s  th e  o r i g i n a l  v e r b a l  
o d o r  i d e n t i f i c a t i o n  t e s t  of t h e  C C C R C .  T h i s  p i l o t  s t u d y  
a p p e a r s  in t h e  A p p e n d i x .  In a d d i t i o n ,  t h i s  e x t e n d e d  
o l f a c t o r y  t e s t i n g  p r o c e d u r e  c a n  a s s e s s  o d o r  r e t e n t i o n  
a b i l i t i e s  w i t h  a 15 m i n u t e  d e l a y e d  o d o r  r e c o g n i t i o n  test 
t h a t  i n v o l v e s  c o m p a r i n g  a p r e v i o u s l y  s m e l l e d  o d o r  w i t h  a 
n o v e l  d i s t r a c t o r  o d o r  a n d  d e t e r m i n i n g  w h i c h  o n e  had b e e n  
s m e l l e d  b e f o r e .  L i k e  t h e  C C C R C  t e s t  f r o m  w h i c h  t h i s  t e s t  
was d e v e l o p e d ,  an o l f a c t o r y  t h r e s h o l d  test is i n c l u d e d  
that e v a l u a t e s  e a c h  s u b j e c t ' s  t h r e s h o l d  for h i g h l y  d i l u t e d  
s o l u t i o n s  of b u t y l  a l c o h o l .  T h r e s h o l d  t e s t i n g  o c c u r s  p r i o r  
to o d o r  i d e n t i f i c a t i o n  t e s t i n g  s i n c e  near n o r m a l  o l f a c t o r y  
t h r e s h o l d s  a r e  r e q u i s i t e  to f u r t h e r  o d o r  ident i f i rat i on 
t e s t i n g .  A l s o ,  in t h i s  p i l o t  s t u d y  t h e  o r i g i n a l  C C C R C  
m e t h o d o l o g y  was f u r t h e r  q u a n t i f i e d  a n d  s t a n d a r d  i z e d .
B y  c o m p a r i n g  the p e r f o r m a n c e  of t h e  t h r e e  p a t i e n t  
g r o u p s  d e s c r i b e d  a b o v e  to a g e  e q u a t e d  c o n t r o l s  it was 
p r e d i c t e d  t h a t  left h e m i s p h e r e  s t r o k e  p a t i e n t s  w o u l d  
p e r f o r m  m o s t  p o o r l y  on an o l f a c t o r y  ide n t  i f icat i on test 
t h a t  r e q u i r e s  v e r b a l  a n d  p r i m a r i l y  left h e m i s p h e r e  
p r o c e s s i n g  of o l f a c t o r y  I n f o r m a t i o n ,  It w a s  a l s o  l i k e l y  
that r i g h t  h e m i s p h e r e  s t r o k e  p a t i e n t s  w o u l d  d o  p o o r l y  w h e n  
p r i m a r i l y  the r i g h t  h e m i s p h e r e  a n d  n o n - v e r b a l  p r o c e s s i n g  
is r e q u i r e d  for o d o r  i d e n t i f i c a t i o n .  H o w  t h e s e  t w o  g r o u p s  
w o u l d  p e r f o r m  in t e r m s  of o d o r  r e t e n t i o n  an d  s u b s e q u e n t  
odor r e c o g n i t i o n  wa s  not as c l e a r  s i n c e  t h e  t a s k  w o u l d  be
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to s i m p l y  i n d i c a t e  w h e t h e r  or no t  a g i v e n  o d o r  had b e e n  
s m e l l e d  b e f o r e .  It s e e m e d  l i k e l y  h o w e v e r ,  t h a t  r e t e n t i o n  
an d  r e c o g n i t i o n  w o u l d  be p o o r e r  for t h e  a f f e c t e d  
h e m i s p h e r e  t h a n  for the i n t a c t  h e m i s p h e r e  in b o t h  s t r o k e  
groups .
T h e  p e r f o r m a n c e  of t h e  c l o s e d  h e a d  i n j u r y  s u b j e c t s  
w a s  e x p e c t e d  to be p o o r  for o d o r  i d e n t i f i c a t i o n ,  but m a y  
not s h o w  a v e r b a l  v e r s u s  n o n v e r b a l ,  or left v e r s u s  r i g h t  
n o s t r i l  p r o c e s s i n g  d i f f e r e n c e .  It was a n t i c i p a t e d  that the 
c l o s e d  h e a d  i n j u r y  g r o u p  w o u l d  e x h i b i t  a m o d e r a t e  
b i l a t e r a l  o l f a c t o r y  d e f i c i t  that wa s  d i f f e r e n t  f r o m  that 
of t h e  s t r o k e  g r o u p ,  g i v e n  th e  a n a t o m i c a l l y  d i s t i n c t  
n a t u r e  of t e m p o r a l  l o b e  an d  o r b i t o f r o n t a  1 c o r t e x .  B a s e d  
u p o n  th e  c u r r e n t  l i t e r a t u r e  it was e x p e c t e d  that all t h r e e  
p a t i e n t  g r o u p s  will p e r f o r m  at n e a r  n o r m a l  l e v e l s  on an 
odor t h r e s h o l d  tes t .  In fact, n e a r  n o r m a l  a n d  b i l a t e r a l l y  
s i m i l a r  odor t h r e s h o l d s  w e r e  r e q u i r e d  of s u b j e c t s  as t h i s  
m e a s u r e  is u s e d  to d e t e r m i n e  that the o l f a c t o r y  n e r v e  was 
i n t a c t .  As s t a t e d  p r e v i o u s l y ,  t h i s  w a s  a n e c e s s a r y  
c o n d i t i o n  of i n c l u s i o n  for all s u b j e c t s  s i n c e  t h i s  s t u d y  
is c o n c e r n e d  w i t h  c o r t i c a l  o l f a c t o r y  f u n c t i o n i n g  r a t h e r  
t h a n  o l f a c t o r y  n e r v e  or n a s a l  o l f a c t o r y  m e c h a n i s m s .
T h e r e  a r e  a f e w  a d d i t i o n a l  i s s u e s  t h a t  r e q u i r e  
c o n s i d e r a t i o n  in a s t u d y  of o l f a c t o r y  m e m o r y  u s i n g  t h e  
s u b j e c t  g r o u p s  d e s c r i b e d  here. S i n c e  a g e  an d  to a l e s s e r  
e x t e n t  g e n d e r  i n f l u e n c e  o l f a c t i o n  (Ca i n  et al., 1988; D o t y
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et al., 196 4 )  s u b j e c t s  w e r e  c o m p a r e d  to n o r m a l  c o n t r o l s  of 
e q u i v a l e n t  a g e  and g e n d e r ,  a n d  i d e a l l y  s u b j e c t s  in t h e i r  
l a t e  6 0 ' s  s h o u l d  be e x c l u d e d  f r o m  t h e  e x p e r i m e n t a l  g r o u p  
as o l f a c t o r y  f u n c t i o n i n g  b e g i n s  to d e c l i n e  in t h e  s i x t h  
a n d  s e v e n t h  d e c a d e  in n o r m a l s .  H o w e v e r  t h i s  ideal w a s  
d i f f i c u l t  to s a t i s f y  in t h a t  s t r o k e  m o s t  o f t e n  o c c u r s  for 
o l d e r  a d u l t s ,  a g e  55 a n d  o l d e r .  T h e r e f o r e ,  a f e w  s u b j e c t s  
in t h e i r  e a r l y  7 0 ' s  w e r e  i n c l u d e d  to p r o v i d e  an a d e q u a t e  
n u m b e r  of s u b j e c t s  in th e  t w o  s t r o k e  g r o u p s .  T h e  n o s t r i l  
s t i m u l a t e d  a l s o  p l a y s  a r o l e  as s o m e  s t u d i e s  h a v e  s h o w n  a 
r i g h t  n o s t r i l  a d v a n t a g e ,  a l t h o u g h  s o m e  s t u d i e s  of c l i n i c a l  
t e s t i n g  p r o c e d u r e s  ( D o t y  et al., 1984) re p o r t  t h a t  the 
c o r r e l a t i o n  b e t w e e n  n o s t r i l s  is h i gh, r a n g i n g  f r o m  .89 to 
.91 for o d o r  i d e n t i f i c a t i o n . T h i s  p o s s i b l e  r i g h t  n o s t r i l  
a d v a n t a g e  w a s  e x a m i n e d  in th e  p r e s e n t  s t u d y .
M e d i c a t i o n s  f r e q u e n t l y  t a k e n  b y  p a t i e n t s  w i t h  a 
h i s t o r y  of r e c e n t  s t r o k e  or h e a d  i n j u r y  m a y  a f f e c t  the 
s e n s e  of s m e l l  and t a s t e .  S c h i f f m a n ,  (19 8 3 )  l i s t s  18 
c o m m o n l y  u s e d  m e d i c a t i o n s  w i t h  r e p o r t e d  e f f e c t s  on t a s t e  
an d  s m e l l  s e n s a t i o n .  T h e s e  i n c l u d e  s u c h  d r u g s  as 
a n t i b i o t i c  m e d i c a t i o n s ,  ant i - i n f l a m m a t o r y  a g e n t s ,  
a n t i e p i 1 e p t i c  m e d i c a t i o n s ,  v a s o d i a  1 at o r s , a n t i c o a g u l a n t s ,  
a n d  a n a l g e s i c s .  T h e  P h y s i c i a n s  D e s k  R e f e r e n c e  (1991) n o t e s  
13 m e d i c a t i o n s  t h a t  r e p o r t e d l y  d i s t u r b  t h e  s e n s e  of smell 
in f r o m  1% to 3\ of r e p o r t e d  c a s e s .  T h e r e f o r e ,  the 
m e d i c a t i o n s  t a k e n  by the s u b j e c t s  in t h i s  s t u d y  w e r e
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considered for their role In the olfactory functioning of 
the neurological groups. In addition, the periodic cycling 
of nostril blood flow can Influence nasal congestion, 
making the nostril engorged with blood more restricted 
than the patent (nonengorged) nostril (Engen, 1982). 
Therefore, both nostrils were tested separately with an 
odor threshold measure. The threshold of both nostrils was 
determined, and testing was postponed when the engorged 
(non-patent) nostril had a restricted airflow, or was 
congested. These considerations were Incorporated Into the 
s t udy described In the method section.
Method
subjects.
The subjects for this study were recruited from 
medical rehabilitation facilities that care for a variety 
of acute and chronic medical conditions, Including 
neurological patients who have experienced either a head 
trauma or a stroke. Thirteen subjects with a left 
hemisphere stroke, and 13 with a right hemisphere stroke, 
Involving temporal lobe areas of the respective hemisphere 
were tested for olfactory functioning. In addition, 13 
patients with a closed head Injury Involving orbltofrontal 
brain damage were also tested; four of these subjects were 
recruited from an outpatient neuropsychology clinic.
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D i a g n o s t i c  p r o f i l e s  for th e  13 left h e m i s p h e r e  s t r o k e  
or c e r e b r a l  v a s c u l a r  a c c i d e n t  (CVA) p a t i e n t s  and 
m e d i c a t i o n s  t a k e n  b y  t h e s e  p a t i e n t s  a r e  p r e s e n t e d  in T a b l e  
1. D i a g n o s e s  w e r e  o b t a i n e d  f r o m  m e d i c a l  r e c o r d s  for e a c h  
s u b j e c t .  T h e y  w e r e  a b s t r a c t e d  e i t h e r  d i r e c t l y  f r o m  
r a d i o l o g y  r e p o r t s  w h e n  a v a i l a b l e ,  or i n d i r e c t l y  f r o m  
r a d i o l o g y  f i n d i n g s  c i t e d  in the s u b j e c t ' s  m e d i c a l  h i s t o r y  
a n d  p h y s i c a l  e x a m i n a t i o n  r e p o r t .  T h e  a v e r a g e  a g e  for t h e s e  
s u b j e c t s  w a s  6 3 . 7 6  y e a r s  of a g e  (sd = 7.98, r a n g e  46 to 73 
y e a r s ) .  T h e s e  s u b j e c t s  r e p o r t e d  at l e a s t  12 y e a r s  of 
e d u c a t i o n ,  w i t h  the e x c e p t i o n  of on e  f e m a l e  s u b j e c t  wh o  
r e p o r t e d  ID y e a r s  of e d u c a t i o n  and tw o  m a l e s  s u b j e c t s  w h o  
r e p o r t e d  b a c c a  1 a u r ea t. e d e g r e e s .  All s u b j e c t s  r e p o r t e d  a 
h i s t o r y  of o c c a s i o n a l  n a s a l  a l l e r g i e s ,  but no c u r r e n t  
s y m p t o m s .  O n l y  o n e  s u b j e c t ,  a 62 year ol d  m a l e  wa s  a 
c u r r e n t  c i g a r e t t e  s m o k e r .  S e v e r a l  p o t e n t i a l  s u b j e c t s  w e r e  
e x c l u d e d  d u e  to c u r r e n t  n a s a l  c o n g e s t i o n  r e s u l t i n g  in 
h i g h l y  i n c o n s i s t e n t  t h r e s h o l d  s c o r e s  b e t w e e n  n o s t r i l s ,  
i.e., o n e  n o s t r i l  h a v i n g  a t h r e s h o l d  3 or m o r e  s t e p s  a w a y  
f r o m  t h e  o t h e r  n o s t r i l .  O n e  p o t e n t i a l  left h e m i s p h e r e  
s u b j e c t  w a s  e x c l u d e d  a f t e r  p e r f o r m i n g  a d e q u a t e l y ,  but 
b e c o m i n g  t e a r f u l  a n d  a p p a r e n t l y  a n x i o u s  r e l a t i v e  to 
p e r c e i v e d  p o o r  p e r f o r m a n c e .  A n o t h e r  s u b j e c t  w a s  e x c l u d e d  
a f t e r  s h e  r e p o r t e d  n a s a l  c o n g e s t i o n  an d  a s i n u s  h e a d a c h e  
a s s o c i a t e d  w i t h  s n i f f i n g  the o d o r a n t s .  T i m e  s i n c e  C V A
54
ranged from 1 month to 6 months. There were 7 female and 6 
male subjects In this group.
Table 1. Left CVA Patients, Diagnosis and Medications. 
(Diagnosis abstracted from radiology findings, and 
medications taken by each subject at the time of testing, 
* denotes medications with reported olfactory effects).
Diagnosis Med 1 cat 1ons
Left Temporal Zantac, Lopressor*, Levothrold,
Hemor r hage Heparin*, ASA, Thiamine, Colace
Temporal and Mycostatin, Procardia, Micronase,
Parietal Ritalin, Persantine, Theragram
Medial Temporal ASA, Hlnlpress*, Lasix, Multi- 
Vi tami ns
Temporal and Humulin N Insulin, Dipyridamole,
Frontal ASA, Capozlde, Allopurlnol, Septra 
DS
Medial Temporal Procardia, Maalox, Tenex, Coumadin* 
ASA
Internal Capsule Trandate, Hydrochlorothiazide, 
Prozac*, Procardia
Diffuse left Coumadin*, Heparin*, Diazide, ASA,
Infarcts Seldane*
Subar achnold Procardia, Heparin*,
Hemor r hage Hydrochlorothiazide
Temporal, Lateral ASA, Cardizem, Elavil, Surfak,
Diffuse Theragram
Temporal and Qulnglute, Capoten, Lanoxin, ASA,
Par i e t a 1 Slow MAG
Cor ona Pad i ata Cardizem, Mult 1-VItamin Theragram, 
ASA
Temporal Parietal Procardia, ASA
Diffuse Hydrochi or o t h 1azide
Middle Cerebral Capoten, Seldane*, Premarin,
Ar t r er y Coumadin*, Noroxln
D i s t r 1 but i on
Diagnostic profiles for the 13 right hemisphere (CVA) 
patients and medications taken by these patients are 
presented In Table 2. The location of the CVA for each 
subject was taken from radiology reports in the chart. The 
average age for these subjects was 60.67 years of age
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(sd = 6 , 3 1  y e a r s ,  r a n g e  51 to 70 y e a r s ) .  T h e s e  s u b j e c t s  
r e p o r t e d  an a v e r a g e  of 12 y e a r s  of e d u c a t i o n .  T w o  f e m a l e  
s u b j e c t s  r e p o r t e d  2 y e a r s  of c o l l e g e  a n d  on e  m a l e  s u b j e c t  
r e p o r t e d  a g r a d u a t e  d e g r e e .  Al l  s u b j e c t s  r e p o r t e d  a 
h i s t o r y  of o c c a s i o n a l  n a s a l  a l l e r g i e s ,  but no c u r r e n t  
s y m p t o m s .  O n e  s u b j e c t  r e p o r t e d  o c c a s i o n a l  c i g a r  s m o k i n g ,  
an d  t w o  s u b j e c t s  r e p o r t e d  r e c e n t  c i g a r e t t e  s m o k i n g .  Four 
s u b j e c t s  w e r e  e x c l u d e d  d u e  to p o o r  t h r e s h o l d  s c o r e s ,  at 
s t e p  3 or b e l o w .  Two s u b j e c t s  d i s c o n t i n u e d  d u e  to f a t i g u e  
p r i o r  to c o m p l e t i n g  the e n t i r e  t e s t  p r o t o c o l .  T i m e  s i n c e  
C V A  r a n g e d  f r o m  1 m o n t h  to 6 m o n t h s .  T h e r e  w e r e  0 f e m a l e  
an d  5 m a l e  s u b j e c t s  in t h i s  g r o u p .
T a b l e  2. R i g h t  C V A  P a t i e n t s ,  D i a g n o s i s  a n d  M e d i c a t i o n s .  
( D i a g n o s i s  a b s t r a c t e d  f r o m  r a d i o l o g y  f i n d i n g s ,  and 
m e d i c a t i o n s  t a k e n  at the t i m e  of t e s t i n g ,  * d e n o t e s  
m e d i c a t i o n s  w i t h  o l f a c t o r y  e f f e c t s ) .
D i a g n o s i s  M e d i c a t i o n s
P u n c t a t e  H e m o r r h a g e  H y d r o c h l o r o t h i a z i d e ,  P r o c a r d i a ,
P r o z a c * ,  T r a n d a t e  
M i d d l e  C e r e b r a l  C o u m a d i n * ,  D o n n a t a l ,  P r o c a r d i a ,
A r t e r y  A r e a  V o l t r e n
T e m p o r a l  F r o n t a l  D a r v o c e t ,  D i l a n t i n * ,  M u l t i  V i t a m i n s ,
A S A
T e m p o r a l  a n d  C h l o r o t h i a z i d e ,  P r o c a r d i a ,  H e p a r i n * ,
W a t e r s h e d  T y p e  A S A
T e m p o r a l ,  I n t e r n a l  C a r d i z e m ,  D i a z i d e ,  T y l o x * ,  P r e d n i s o n e
C a p s  u 1 e
M i d d l e  C e r e b r a l  N i f e d i p i n e ,  D e c o n e x ,  H u m u l i n ,
A r t e r y  A r e a  T e n o r m i n * ,  P r o z a c *
C o r o n a  R a d i a t a  I n d e r a l ,  T e n o r m i n * ,  A m t r i p t y 1 i n e ,
Se r a x ,  T y l e n o l  w i t h  c o d e i n e *
T e m p o r a l  P a r i e t a l  D i l a n t i n * ,  P r o z a c * ,  T h e r g r a m  M u l t i -
Vi tami ns
F r o n t a l  T e m p o r a l  H y d r o c h l o r o t h i a z i d e ,  P r o c a r d i a ,
P a r i e t a l  A m i t r i p t y l i n e ,  A S A
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Table 2. (Continued) R i g h t c V A  Patients, Diagnosis and 
Med i cat i o n s .
Traumatic brain injury (TBI) subjects Included 9 
inpatient subjects, and 4 outpatient subjects. All 
subjects had a history o£ TBI described as moderate in 
severity, and some amnesia for the accident. Diagnostic 
information was obtained from the history and physical, 
neurology reports, or from radiology reports available in 
either the subject's medical records or outpatient files. 
Diagnostic information and medications taken by these 
patients are presented in Table 3. The average age for 
these subjects was 37.15 years (sd = 10.59, range 22 to 52 
years). These subjects reported an average of 12 years of 
education. Two subjects reported 10 years of education, 
three reported 11 years, two reported completing a 
baccalaureate degree, and two reported 2 1/2 years of 
college education. Three subjects were current cigarette 
smokers, although they reported infrequent smoking, 
averaging about 5-10 cigarettes per day. Five subjects 
reported that they had recently stopped smoking,
Middle Cerebral 




Multi-Vitamins, Tylenol* Hytrin 
Max ide
Lanoxin, Coumadin*, Keptane, 
Quinldex, Slow Mag, Aspirin 
Diazide, Coumadin*, Procardia,
Pr ozac *
Insulin, H y d r o c h l o r o t h 1a z i d e , ASA 
M a a 1 ox
Capsu 1 e 
Temporal Parietal
b?
a n d  Eive r e p o t t e d  n e v e r  h a v i n g  s m o k e d  c i g a r e t t e s .  Six 
s u b j e c t s  r e p o r t e d  o c c a s i o n a l  n a s a l  a l l e r g i e s  but no a c t i v e  
r e s p i r a t o r y  p r o b l e m s  at th e  t i m e  of testing,, 5 s u b j e c t s  
r e p o r t e d  i n f r e q u e n t  s i n u s  p r o b l e m s ,  and 2 s u b j e c t s  
r e p o r t e d  no h i s t o r y  of s i n u s  c o m p l a i n t s  or n a s a l  
a l l e r g i e s .  T i m e  s i n c e  TBI r a n g e d  f r o m  1 m o n t h  to 6 m o n t h s .  
T h e r e  w e r e  7 m a l e  an d  6 f e m a l e  s u b j e c t s  in t h i s  g r o u p .
T a b l e  3. TBI P a t i e n t s ,  D i a g n o s i s  and M e d i c a t i o n s .  
( D i a g n o s i s  an d  m e d i c a t i o n s  f r o m  p a t i e n t  r e c o r d s ,  * d e n o t e s  
m e d i c a t i o n s  w i t h  o l f a c t o r y  e f f e c t s ) .
D i a g n o s i s  M e d i c a t i o n s
D i f f u s e  C o n t u s i o n s  D i l a n t i n *
B i l a t e r a l  M u l t i p l e  D i l a n t i n * ,  F e r r o u s  S u l f a t e ,  D i d r o n e  
C o n t u s i o n s  K l o n o p i n
S u b a r a c h n o i d  R i v o t r i l
Hem o r  r h a g e  
D i f f u s e  C o n t u s i o n s  A t i v a n ,  D i l a n t i n *
TBI, B i l a t e r a l  D e p a k o t e ,  P e r c o d a n *
M o d e r a t e  C o n t u s i o n s  P h e n o b a r b i t o 1, D i l a n t i n * ,
Ha 1c i on 
Post C o n c u s s i o n  N o n e
M o d e r a t e  C o n t u s i o n s  P h e n o b a r b i t o 1, C o u m a d i n *
P r i m a r i l y  F r o n t a l  
S u b a r a c h n o i d  D i p h e n y l a n *
Hemor r h a g e  
D i f f u s e  C o n t u s i o n s  D i l a n t i n *
M o d e r a t e  B i l a t e r a l  P h e n o b a r b i t o 1, V a l p r o a t e ,
C o n t u s i o n s  T y l o x *
F r o n t a l  C o n t u s i o n s  N o n e
D i f f u s e  C o n t u s i o n s  P h e n y t o i n  s o d i u m * ,  A t i v a n
S u b j e c t s  w e r e  s c r e e n e d  for d i s o r i e n t a t i o n  and a m n e s i a  
us i rig i n f o r m a t i o n  a b o u t  their m e n t a l  s t a t u s  f r o m  a v a i l a b l e  
t h e r a p y  n o t e s ,  p h y s i c i a n  and n u r s i n g  n o t e s ,
n e u r o p s y c h o  1o g i c a 1 s c r e e n i n g  and o t h e r  p s y c h o  1 o g i c a 1 test 
r e s u l t s .  S u b j e c t s  d e s c r i b e d  as h a v i n g  m o d e r a t e  to s e v e r e
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l a n g u a g e  or c o g n i t i v e  d e f i c i t s  w e r e  n o t  c o n s i d e r e d  for 
i n c l u s i o n  in t h i s  s t u d y .  F u r t h e r ,  t h e  G a l v e s t o n  
O r i e n t a t i o n  a n d  A m n e s i a  T e s t s  (GOAT) ( L e v i n ,  O ' D o n n e l l  and 
G r o s s m a n ,  1 9 7 9 )  w a s  a d m i n i s t e r e d  to all s u b j e c t s  d u r i n g  
th e  15 m i n u t e  d e l a y  p e r i o d  b e t w e e n  t h e  o d o r  I d e n t i f i c a t i o n  
t a sk, a n d  t h e  o d o r  r e c o g n i t i o n  t a sk. T h i s  m e a s u r e  r a t e s  
s u b j e c t s  for o r i e n t a t i o n ,  a n d  m e m o r y  for t h e  p e r i o d  of 
t i m e  p r i o r  to and f o l l o w i n g  n e u r o l o g i c a l  i n j u r y .
D i s o r i e n t e d  a n d / o r  a m n e s t i c  s u b j e c t s  w e r e  e x c l u d e d  f r o m  
th e  s t u d y  b a s e d  on s c o r e s  of 74 or lower on t h e  G O A T ,  
w h i c h  L e v i n  et al. ( 1 9 7 9 )  r e c o m m e n d  as t h e  c u t o f f  s c o r e  
for f u r t h e r  test inq of b r a i n  i n j u r e d  p a t i e n t s .  M e d i c a l  
r e c o r d s  a n d  p a t i e n t  f i l e s  w e r e  u t i l i z e d  in s c o r i n g  the 
G O A T  to v e r i f y  th e  a c c u r a c y  of q u e s t i o n s  a b o u t  s o u r c e  of 
t r a n s p o r t a t i o n  to th e  h o s p i t a l ,  and for i n d e p e n d e n t
i n f o r m a t i o n  a b o u t  t h e  p e r i o d  of a m n e s i a .  T h e  TBI s u b j e c t s
h a d  G O A T  s c o r e s  w h i c h  w e r e  s l i g h t l y  lower (X = 78) t h a n
t h e  left C V A  ()T = 91) a n d  the r i g h t  C V A  (X = 93) s u b j e c t s ,
t h e  r e s u l t  of a g r e a t e r  i n c i d e n c e  of a m n e s i a ,  but not 
d i s o r i e n t a t i o n  a m o n g  t h e s e  s u b j e c t s .  O r i e n t a t i o n  s c o r e s  
w e r e  q u i t e  s i m i l a r  for all t h r e e  g r o u p s .
A p h a s i a  or d i s o r d e r s  of e i t h e r  e x p r e s s i v e  or 
r e c e p t i v e  l a n g u a g e ,  a r e  o f t e n  s e e n  In left h e m i s p h e r e  
s t r o k e  p a t i e n t s  a n d  a r t i c u l a t i o n  d i f f i c u l t i e s  m a y  be s e e n  
in TBI a n d  C V A  s u b j e c t s  w h e n  f a c i a l  p a r a l y s i s  is p r e s e n t ,  
a f f e c t i n g  t h e  m u s c u l a t u r e  i n v o l v e d  in s p e e c h .  B a s e d  u p o n
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m e d i c a l  r e c o r d s  a n d  p a t i e n t  I n t e r v i e w ,  p o t e n t i a l  s u b j e c t s  
w i t h  m o d e r a t e  or s e v e r e  e x p r e s s i v e  or r e c e p t i v e  l a n g u a g e  
d i s o r d e r s ,  or s e v e r e  d y s a r t h r i a  ( a r t i c u l a t i o n  
d i f f i c u l t i e s )  w e r e  n o t  i n c l u d e d  in t h i s  s t u d y .  F u r t h e r ,  in 
o r d e r  to d e t e r m i n e  t h a t  e a c h  s u b j e c t  h a d  a d e q u a t e  l a n g u a g e  
and c o g n i t i v e  c a p a c i t y  to u n d e r s t a n d  t h e  d e m a n d s  of the 
t e s t  p r o c e d u r e s ,  e a c h  s u b j e c t  was r e q u i r e d  to r e a d  a l o u d  
t h e  w o r d s  on t h e  o d o r - w o r d  list, a n d  i d e n t i f y  e a c h  of th e  
p i c t u r e s  on the o d o r - p i c t u r e  d i s p l a y ,  p r i o r  to c o m p l e t i n g  
t h e  r e s p e c t i v e  t a s k s .  T h e s e  r e q u i r e m e n t s  e x c l u d e d  n u m e r o u s  
p o t e n t i a l  s u b j e c t s  f r o m  c o n s i d e r a t i o n ,  m o s t  of w h o m  w e r e  
c o n s i d e r e d  to o  i m p a i r e d  to t e s t  b a s e d  u p o n  r e v i e w  of 
n e u r o p s y c h o 1o g i c a 1 d a t a  and p a t i e n t  p r o g r e s s  n o t e s .  T h e  
s u b j e c t s  i n c l u d e d  in t h e  s t u d y  e x h i b i t e d  e v i d e n c e  of o n l y  
m i l d  c o g n i t i v e  and l a n g u a g e  d e f i c i t s  a n d  w e r e  c o n s i d e r e d  
to h a v e  a fair to g o o d  p r o g n o s i s  for f u r t h e r  r e c o v e r y .
C o n t r o l  s u b j e c t s  (N 26) w e r e  s e l e c t e d  to f o r m  two 
a g e  g r o u p s .  T h e  y o u n g e r  c o n t r o l  s u b j e c t s  (N = 13) w e r e  
e q u a t e d  for age w i t h  the TBI s u b j e c t s  an d  had an a v e r a g e  
a g e  of 3 6 . 7 6  y e a r s  (SD = 9 . 5 7 ) .  T h e  TBI s u b j e c t s  had an 
a v e r a g e  a g e  of 3 7 . 1 5  y e a r s  (S D  = 1 0 . 5 9 ) .  T h e  o l d e r  c o n t r o l  
s u b j e c t s  (N = 13) h a d  an a v e r a g e  a g e  of 6 0 . 3 0  y e a r s  (SD = 
7 , 9 4 ) .  T h e y  w e r e  e q u a t e d  for a g e  w i t h  t h e  t w o  C V A  s u b j e c t  
g r o u p s  (Left C V A  a v e r a g e  a g e  = 6 3 . 7 6  y e a r s  [SD = 7 . 9 8 1 ;  
R i g h t  C V A  g r o u p  a v e r a g e  a g e  = 6 0 . 6 9  [SD = 6 . 3 1 1 ) .  S u b j e c t s  
w e r e  r e c r u i t e d  f r o m  t h e  c o m m u n i t y  b a s e d  u p o n  v o l u n t a r y
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interest in participating in an olfactory research study.
A similar level of education was reported by these 
subjects as that reported by the patient subject groups 
with an average of 13.2 years of education. Four subjects 
reported graduate degrees, five subjects reported a 
baccalaureate degree, three subjects 10 years of 
education, and five subjects reported 11 years of 
education with attainment of a general equivalency diploma 
(G E D ). Four of the control subjects were regular smokers,
2 had quit smoking within two years, 3 had not smoked for 
five or more years, and A had never smoked. All of the 
control subjects reported occasional sinus or respiratory 
allergies, although none were symptomatic at the time of 
test i n g .
Procedure
The performance of the three subject groups (right 
hemisphere stroke patients, left hemisphere stroke 
patients, and frontal head Injury patients) was compared 
with that of two groups of control subjects on three 
measures of olfactory functioning. These measures included 
(1) an olfactory threshold test, (2) an odor 
Identification test that Included a left nostril verbal or 
word-llst odor Identification component and a right 
nostril non-verbal or picture-llst odor Identification 
component, and (3) a delayed odor memory test. For each 
subject the right and left nostrils were tested
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separately, (resulting In 6 scores for each subject), 
three scores for the left nostril (threshold, odor-word 
Identification, and delayed recognition), and three scores 
for the right nostril (threshold, odor-plcture 
ldentification, and delayed recognition). The pilot study 
conducted to develop this extended version of the CCCRC 
method of olfactory testing is described in the Appendix.
Olfactory Threshold T e s t . Serial dilutions of 
n-butyl alcohol were used to determine the olfactory 
threshold of subjects. The highest aqueous concentration 
was 4% butanol in distilled water and adjacent 
concentrations were diluted with three parts distilled 
water to one part of the previous solute step. There are 
ten dilution steps of butanol in the threshold test, with 
concentrations ranging from 4% butanol to 0.0000002% 
butanol, the weakest dilution step. Each nostril was 
tested separately while the other was held shut by the 
subject's finger. The method employed to determine the 
threshold of each subject Is the same as that described in 
the pilot study (Appendix) for the control subjects who 
received the entire test protocol.
The order of nostril stimulation was counterbalanced 
for all subjects within the five subject groups to control 
for the effects of learning (Cain, 1966). Half of the 
subjects In each group (younger controls, older controls, 
TBI, left CVA, right CVA) were first tested for olfactory
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threshold In the left nostril/ followed by the right 
nostril. The other half of each group began with right 
nostril threshold testing. Por each sniff/ subjects were 
instructed to Inhale slowly and deeply for three seconds/ 
as timed by the experimenter. The experimenter then 
removed the first stimulus and presented the second/ 
quasi-randomizing the order of the blank and the trial 
stimulus across presentations following a Gellerman <1933) 
series. The procedure was then repeated for the other 
nostril. The Interstlraulus Interval was three seconds 
between the butanol and the blank/ and the intertrial 
Interval was 10 seconds between dilution steps (Potter 6 
Butters/ 1980). Four correct Identifications of a given 
dilution step determined the threshold. Threshold scores 
were recorded for each nostril.
Odor Identification Testa
Qdor-Word Identification T e s t . The odor-word 
Identification task utilized a word list to Identify the
odors smelled by subjects. The procedure was adapted from 
Cain et al, (1988) employing the CCCRC testing method, and 
made use of the Intensity adjusted odorants from the pilot 
study described In the Appendix. The odorants Identified 
using the word list procedure were smelled with the left 
nostril only by all subjects.
Counterbalancing of the olfactory Identification (and 
recognition) task was conducted, as In the threshold test.
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T h a t  is, for e a c h  g r o u p  of s u b j e c t s  t h e  o r d e r  of t e s t i n g  
for h a l f  of t h e  s u b j e c t s  w a s  as f o l l o w s :  l e f t  n o s t r i l
t h r e s h o l d ,  r i g h t  n o s t r i l  t h r e s h o l d ,  left n o s t r i l  o d o r - w o r d  
i d e n t i f i c a t i o n ,  r i g h t  n o s t r i l  o d o r - p i c t u r e  i d e n t i f i c a t i o n ,  
left n o s t r i l  r e c o g n i t i o n  ( o d o r - w o r d  o d o r a n t s  v e r s u s  
d 1s t r a c t  o r s >, and l a s t l y ,  r i g h t  n o s t r i l  r e c o g n i t i o n  (odor 
p i c t u r e  o d o r a n t s  v e r s u s  d i s t r a c t o r s ). For the r e m a i n i n g  
s u b j e c t s  in e a c h  of t h e  f i v e  e x p e r i m e n t a l  g r o u p s  the 
r i g h t - l e f t  o r d e r  was s i m p l y  r e v e r s e d ,  an d  for e a c h  task 
( t h r e s h o l d ,  i d e n t i f i c a t i o n , r e c o g n i t i o n )  t e s t i n g  b e g a n  
w i t h  the right n o s t r i l  f o l l o w e d  by left n o s t r i l  t e s t i n g .
T h e  o d o r - w o r d  i d ent i i icat ion t a s k  i n v o l v e d  t e s t i n g  
o n l y  the left n o s t r i l  for all s u b j e c t s .  Eight. 176 ml 
o p a q u e  p l a s t i c  jars t h a t  c o n t a i n e d  t h e  i n t e n s i t y  a d j u s t e d  
o d o r a n t s  c o n c e a l e d  f r o m  v i s u a l  i d e n t i f i c a t i o n  by l o o s e l y  
f o l d e d  s u r g i c a l  g a u z e  w e r e  p r e s e n t e d  to s u b j e c t s  ( F i g u r e  
10, s e e  A p p e n d i x ) . T h e s e  8 o d o r a n t s  w e r e  t h e  o d o r - w o r d  
s u b s t a n c e s  d e s c r i b e d  in t h e  p i l o t  s t u d y .  T h e  t r i g e m i n a l  
s t i m u l a n t  V i c k ' s  V a p o  R u b  is s c o r e d  as a m e a s u r e  of 
t r i g e m i n a l  n e r v e  f u n c t i o n i n g  a n d  is not i n c o r p o r a t e d  in 
the a n o s m i a  i n d e x  in the C C C R C  p r o c e d u r e s .  In t h i s  s t u d y  
it w a s  i n c l u d e d  in t e s t i n g ,  c o n s i s t e n t  w i t h  C C C R C  
p r o c e d u r e s ,  but wa s  e x c l u d e d  f r o m  e a c h  s u b j e c t ' s  t o tal 
odor i d e n t i f i c a t i o n  s c o r e  a n d  f r o m  s t a t i s t i c a l  a n a l y s i s .
S u b j e c t s  w e r e  p r e s e n t e d  t h e  o d o r - w o r d  o d o r a n t s  
i n d i v i d u a l l y  to t h e  left n o s t r i l  a n d  i n s t r u c t e d  to o c c l u d e
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the right nostril. The examiner held the odorant jars 
while subjects sniffed the odorant to insure uniform 
placement near the nostril and sniff duration (3 seconds). 
Subjects were then told to seek the name of the stimulus 
from a 20-ltem word list (Figure 11, in Appendix). The 
list contains the names of the eight test items and twelve 
dlstractors. The interstimulus interval was at least 3 
seconds between odorants, however, subjects were permitted 
to Inspect the odor-word list for a maximum of thirty 
seconds per odorant. Subjects could name or point to the 
word label they associated with the odor smelled. The 
experimenter gave subjects feedback, informing them 
whether or not they were correct in each trial. Subjects 
who indicated that they had smelled something but could 
not identify the odorant in the first trial were presented 
the same odorant a second time during the presentation of 
the remaining stimuli. Response such as "don't know" or 
"no sensation" were permitted and recorded as such.
Stimuli identified on the second presentation (Trial 2) 
were scored as c o r rectly identified following the CCCRC 
procedure (Cain, 1988).
Qflor-Plcture Identification T e s t - The
identification task was similar to the CCCRC test with 
regard to administration procedures. The odor-picture 
odorants and picture stimuli were those developed in the 
odorant selection and intensity equating pilot study. The
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o d o r  p i c t u r e  o d o r a n t s  w e r e  s m e l l e d  e x c l u s i v e l y  w i t h  the 
r i g h t  n o s t r i l  for all s u b j e c t s .  T h e  t r i g e m i n a l  s t i m u l a n t  
a m m o n i a  was f o u n d  to h a v e  an e x c e l l e n t  l e v e l  of 
i d e n t i f i a b i 1 ity (100%) In t h e  t e s t  d e v e l o p m e n t  p h a s e  of 
t h e  s t u d y  but was e x c l u d e d  f r o m  t h e  a n a l y s i s  in t h e  m a i n  
e x p e r i m e n t  s i n c e  it is p r i m a r i l y  a t r i g e m i n a l  s t i m u l a n t  
( C C C R C  p r o c e d u r e ) .  T h e  o d o r - p i c t u r e  i d e n t i f i c a t i o n  d i s p l a y  
( F i g u r e s  12.1 a n d  12.2, in t h e  A p p e n d i x )  p r e s e n t s  3 by 5 
inch p i c t u r e s  of the o d o r a n t  s t i m u l i  a n d / o r  a s s o c i a t e d  
o b j e c t s ,  r a t h e r  t h a n  o d o r  n a m e s .  E i g h t  of t h e  p i c t u r e s  
r e p r e s e n t  t h e  t e s t  o d o r a n t s  and 12 a r e  d i s t r a c t o r  
p i c t u r e s .  T h e  i n t e r - s t i m u l u s  i n t e r v a l s  w e r e  the s a m e  as in 
t h e  o d o r - w o r d  task ( 3 - 3 0  s e c o n d s )  an d  s n i f f  d u r a t i o n  was 
a l s o  3 s ecorids .
For th e  O d o r  P i c t u r e  I d e n t i f i c a t i o n  T e s t ,  s u b j e c t s  
w e r e  i n s t r u c t e d  to p o i n t  to th e  p i c t u r e  a s s o c i a t e d  w i t h  
the odor s t i m u l i ,  a n d  to a v o i d  s p e a k i n g  th e  n a m e  of the 
o d o r  or p i c t u r e ,  a l t h o u g h  v e r b a l  r e s p o n s e s  w e r e  a c c e p t e d .  
C o r r e c t i v e  f e e d b a c k  was g i v e n  to s u b j e c t s ,  a n d  o d o r s  
p e r c e i v e d  but not i d e n t i f i e d  d u r i n g  th e  f i r s t  t r i a l  w e r e  
s m e l l e d  a g a i n  a n d  c r e d i t  g i v e n  for t h o s e  o d o r s  c o r r e c t l y  
i d e n t i f i e d  on the s e c o n d  e x p o s u r e .  T h e  t h r e s h o l d  t e s t i n g ,  
o d o r - w o r d ,  a n d  o d o r - p i c t u r e  i d e n t i f i c a t i o n  t a s k s  r e q u i r e d  
a p p r o x  I m a t e 1 y 15 m i n u t e s  to c o m p l e t e  for m o s t  s u b j e c t s ,  
a l t h o u g h  s o m e  p a t i e n t  s u b j e c t s  w i t h  h e m i p a r e t i c  l i mbs  
t e n d e d  to t a k e  s l i g h t l y  l o n g e r  to c o m p l e t e  t h e s e  ta s k s .
66
Delayed Q<3or Recognition T e s t . Following the 
threshold and Identification tasks subjects were 
interviewed with regard to medical history and demographic 
Information. This Interview required 10 to 15 minutes to 
complete and Included the GOAT for the CVA and TBI 
subjects. Interview questions Included the following 
information: age of the subject, educational background, 
history of neurological disorder, history of respiratory, 
nasal, olfactory or gustatory disorder, history of tobacco 
use, and a description of general health status Including 
risk factors for stroke such as diabetes and hypertension. 
Subjects who completed the interview In less than 15 
minutes were asked to provide further details of their 
recent neurological condition or other health problems.
This resulted In a total of 15 minutes interposed between 
the last identification test and the delayed recognition 
t e s t s .
Delayed odor recognition testing for was also 
c o u n t e r b a 1a n c e d . Subjects who began the other tasks with 
the left nostril, began the odor recognition test with the 
left nostril. Each of the 7 odorants was paired with one 
of 7 dlstractor odorants. Subjects were instructed to 
sniff each odor pair for three seconds, and were asked to 
Indicate which odorant they had smelled previously.
Subjects used the left nostril only. The odor-word odorant 
dlstractor pairs were as follows: baby powder-beef
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b o u i l l o n ,  c h o c o 1a t e - d o g  food, c o f f e e - d e o d o r a n t ,  c i n n a m o n -  
f u r n i t u r e  p o l i s h ,  m o t h b a l I s - t o o t h p a s t e ,  p e a n u t s - c h 1 1 i 
p o w d e r ,  s o a p - b r o w n  s u g a r .  For e a c h  p a i r  l i s t e d  a b o v e ,  th e  
f i r s t  o d o r  in th e  p a i r  is t h e  o d o r - w o r d  o d o r a n t  a n d  t h e  
s e c o n d  o d o r  is the d i s t r a c t o r .  P r e s e n t a t i o n  of th e  o d o r  
p a i r s  w e r e ,  h o w e v e r ,  q u a s i - r a n d o m i z e d ,  w i t h  s u b j e c t s  
s n i f f i n g  e i t h e r  th e  t e s t  o d o r a n t  f i r s t  in a p p r o x I m a t e l y  
5 0 %  of t h e  t r i a l s ,  or t h e  d i s t r a c t o r  f i r s t  in the 
r e m a i n i n g  50 %  of t r i a l s .  O d o r a n t  d l s t r a c t o r  p a i r s  w e r e  
s e l e c t e d  b a s e d  u p o n  p e r c e i v e d  d i s s i m i l a r i t y ,  and w e r e  
f o u n d  to be e f f e c t i v e l y  d i s c r i m i n a t e d  by s u b j e c t s  in t h e  
p i l o t  s t u d y  (R e f e r  to A p p e n d i x ) .
T h i s  p r o c e d u r e  wa s  r e p e a t e d  for t h e  r i g h t  n o s t r i l  
u s i n g  t h e  o d o r - p i c t u r e  o d o r a n t s  an d  7 d i s t r a c t o r s .
S u b j e c t s  w e r e  a g a i n  r e q u i r e d  to d e t e r m i n e  w h i c h  of the two 
o d o r a n t s  t h e y  ha d  s m e l l e d  p r e v i o u s l y .  For t h o s e  s u b j e c t s  
in e a c h  g r o u p  ( c o n t r o l s ,  TBI, left CVA, r i g h t  C V A )  wh o  
c o m p l e t e d  t h e  r i g h t  n o s t r i l  t h r e s h o l d  t e s t i n g  f i r s t  a n d  
the o d o r - p i c t u r e  i d ent i f icat ion task fir s t ,  th e  r i g h t  
n o s t r i l  o d o r  r e c o g n i t i o n  t e s t i n g  o c c u r r e d  f i r s t ,  f o l l o w e d  
by left n o s t r i l  t e s t i n g .  T h e  o d o r - p l c t u r e  o d o r a n t  
d i s t r a c t o r  p a i r s  w e r e  as f o l l o w s :  t e a - 1 i c o r i c e ,  c h e e s e  
p o w d e r e d  b l e a c h ,  b u b b 1e g u m - c u r r y  p o w d e r ,  b u t t e r -  
p e p p e r m i n t ,  s h o e  p o 1 i s h -o r e g a n o , b a c o n - p u t t y ,  a n d  c r a y o n -  
o r a n g e .  For e a c h  p a i r  th e  f i r s t  o d o r  is t h e  o d o r - p i c t u r e  
o d o r a n t  and t h e  s e c o n d  odor t h e  d i s t r a c t o r  o d o r a n t .  D u r i n g
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testing, the pales were randomly presented with the 
odorant first for 50% of the trials and the dlstractor 
first for the other 50% of trials.
Res u l t s
Scores for the four subjects groups are presented 
graphically In the figures below. Figure 7 represents the 
threshold scores for the groups, with the left and right 
nostril threshold scores presented separately for purposes 
of comparison. Figures 0 and 9 represent the odor 
Identification and the odor recognition scores for each 
group, respectively, with the right and left nostrils 
results presented separately for both tasks. Group means 
for age of subjects, left and right nostril threshold, 
Identification, and recognition scores are presented In 
Table 4.
The two CVA groups did not differ In terms of age, 
and were of similar age to the older control subjects
(Left CVA X - 63.76 years; Right CVA 7  - 60.76 years;
Older Controls X • 60.30 years). The CVA subjects were 
considerably older than the TBX subjects who had an 
average age of 37.15 years (TBX versus Left CVA t “ 7.23, 
p < .00001; TBX versus Right CVA t - 6.87, p < .00001).
The younger control subjects were similar In age to the
TBI group, with an average age of 36.79 years.
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Figure 7. Threshold Scores for Control and Patient Groups
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Table 4. Table of Means and Standard Devlat ions (SD)
for Subjects.
Planned Planned
ComparIson Set 1 ComparIson Set 2
Planned Comparison Set 3
YOUNGER TBI LEfT RIGHT OLDER
CONTROLS CVA CVA CONTROLS
Age 36. 76 37. 15 63.76 60. 76 60.30
(9.75) (10.59) (7.98) (6 . 31) (7.94)
Left 6.30 3 . 46a 2.151, • 4.84* 6.3011
ID ( .63) (1.89) (1-46) ( .98 ) ( . 75)
Left 6 . 38 4 . 76a 3.001, * 5.531,* 6.4611
RE ( .76) (1.42) (1.58) ( .96) ( .87)
Left 6 .46 5 .64 5.23 4.69 5 . 84
TH ( .96) ( .55) (1.16) ( . 85) ( .98)
Right 6 . 30 3 .00a,* ,**4.53* 1.151,*, **6.2311
ID ( .75) (1.22) (1.12 ) ( .98 ) ( . 72)
Right 6.38 4.84a 5.92* 3.301,* 6.2311
RE ( .76) (1.06) (1.25) (1.93) ( .92)
Right 6.84 5. 84 4.84 4 . 61 5. 59
TH ( .98) ( .80) (1. 46) (1.55) (1 . 49)
(Threshold scores (TH), Identification (ID), 
Recognition (RE)].
Planned Comparison Set 1 p values: a <.001.
Planned Comparison Set 2 p values: 1, 11 < .001.
Planned Comparison Set 3 p values; *, ** < .001.
All differences between group means discussed In the 
following sections are significant differences, as noted 
in the discussions of the planned comparions that follow. 
Group means are presented first, followed by t test 
values. The degrees of freedom for all paired comparisons 
equals 25.
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The correlation matrix for age and the six olfactory 
tasks results reveals a modest negative relationship 
between age and the 6 measures of olfactory functioning 
(Table 5). Only two of these coefficients reached 
significance. These were for the left (r * -.42) and right 
(r » -.29) nostril threshold scores, which Indicates 
declining threshold scores (higher butanol thresholds) 
with age.
Table 5. Correlation Matrix for Experimental Tasks. 
[Identification (ID), Recognition (RE), Threshold (TH), 
Left (L ), Right (R)J .
AGE LEFT ID LT RE LT TH RIGHT ID RT RE RT TH
AGE 1.00
L ID -.20 1 . 00
L RE - . 22 . 79* 1.00
L TH - . 42* . 17 .24* 1. 00
R ID - . 17 .40* . 36* .44* 1.00
R RE - .14 .23 .14 . 37* ,75* 1. 00
R TH - . 29* - . 18 .26* .62* . 36* .38* 1.00
Critical Value (2 - Tall, p * .05) * +/- .27
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E x a m i n a t i o n  of the  p e r f o r m a n c e  of t h e  i n d i v i d u a l  
g r o u p s  r e l a t i v e  to a g e  of s u b j e c t s  in t h e  f i v e  g r o u p s  
( T a b l e  6) r e v e a l s  t h a t  the r e l a t i o n s h i p  b e t w e e n  age and 
o l f a c t o r y  f u n c t i o n i n g  is not c o n s i s t e n t  w i t h i n  or b e t w e e n  
g r o u p s  for t h e  6 o l f a c t o r y  t a sk s.  T e s t s  for h o m o g e n e i t y  of 
r e g r e s s i o n ,  a n d t h e  l i n e a r i t y  of the e x p e r i m e n t a l  d a t a  
p r e c l u d e d  the  u s e  of a n a l y s i s  of c o v a r i a n c e ,  u s i n g  age as 
a c o v a r i a t e ,  to s t a t i s t i c a l  1y c o n t r o l  for a g e  d i f f e r e n c e s  
of s u b j e c t s .  H o w e v e r ,  s i n c e  p a t i e n t  s u b j e c t s  w e r e  e q u a t e d  
for age, w i t h  e i t h e r  t h e  y o u n g e r  or o l d e r  c o n t r o l  
s u b j e c t s ,  the  n e e d  for f u r t h e r  s t a t i s t i c a l  c o n t r o l  of the 
m o d e s t  n e g a t i v e  r e l a t i o n s h i p  b e t w e e n  a g e  a n d  the m e a s u r e s  
of te st p e r f o r m a n c e  wa s i n c o n s e q u e n t i a  1.
T a b l e  6. T a b l e  of C o r r e l a t i o n s  of O l f a c t o r y  T e s t  S c o r e s  
w i t h  A g e  for t h e  F i v e  E x p e r i m e n t a l  G r o u p s .  
[ I d e n t i f i c a t i o n  (ID), R e c o g n i t i o n  (RE), T h r e s h o l d  (T H )],
A GE  OF S U B J E C T S BY G R O U P S
O L D E R Y O U N G E R TBI L E F T R I G H T
C O N T R O L S C O N T R O L S C V A C V A
L E F T  ID - . 07 - . 51 -.15 .06 - . 46
L E F T  RE - . 35 - . 07 - . 08 . 33 - . 58*
L E F T  TH . 00 - .41 - . 10 - . 28 -. 00 3
R I G H T  ID . 1 0 - . 39 - . 36 . 09 - . 28
R I G H T  RE . 20 .04 - . 27 - . 31 - . 08
R I G H T  TH . 61 * - . 38 .03 . 26 . 1 3
Cr i t i c a 1 V a l u e  (2 - Ta i 1, p = - 05 ) = + /- . 55
A n a l y s i s  of v a r i a n c e  r e v e a l e d  s i m i l a r  t h r e s h o l d  
s c o r e s  for t h e  p a t i e n t  and  the o l der  c o n t r o l  s u b j e c t s .  The 
y o u n g e r  c o n t r o l  s u b j e c t s  had the  h i g h e s t  t h r e s h o l d  s c o r e s
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(lowest thresholds), but these differed only from those of 
the two much older CVA groups and were thus not considered 
relevant comparisons. Planned comparisons for 
Identification and recognition scores were made between 
younger controls and TBI groups, the older controls and 
the CVA groups, and among the three patient groups. The 
younger and older control groups had only nonsignificant 
differences on the test measures, with younger subjects 
having slightly higher scores. All planned comparisons 
between controls and patient groups were made with age- 
equated controls. Despite age differences in the patient 
groups, comparisons were made between these subject groups 
since they were essential to the purposes of this study.
The Bonferronl correction of the alpha significance 
level was employed since multiple redundant comparisons 
(34) were performed on the Identification and recognition 
data (Kirk, 1982). This correction yielded a conservative 
comparison-wise significance level of p = .0014 for paired
comparisons, and an experlment-wlse error rate of p * .05. 
Odor Identification Scores
Left Nostril/Verbal Odor Identification Task
As predicted, the left nostril odor-word 
identification scores were lowest for the left CVA 
subjects. Older controls had more accurate left nostril 
odor identification ability (X - 6.30, sd - .75), than the 
right CVA group (3F - 4.84, sd * .98), as well as the left
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CVA group (X - 2.15, sd * 1.46), which had the least 
accurate odor Identification ability using the left 
nostril. The TBI group (7 = 3.45, sd * 1.89) correctly 
Identified fewer odors with the left nostril than the 
younger controls (X * 6.30, sd * .63). (See Table 4 and 
Figure 8 ) .
Planned comparisons between controls and the 3 
patient groups revealed that older control subjects had 
significantly higher Identification scores than the right 
CVA group (t * 4.84, p * .00016), or the left CVA group (t 
= 9.10, p < .00001). The younger control subjects had 
significantly higher scores than the TBI group (t * 5.13, 
p = .0001). Comparisons among the patient groups revealed 
that only the right CVA group with the highest odor 
identification ability using the left nostril, and the 
left CVA group with the lowest left nostril Identification 
ability had significantly different scores from one 
another (t = 5.49, p * .00001), among the three groups.
Right Nostril/Nonverbal Odor Identification 
Task
Also, as was predicted, the right nostril plcture- 
odor Identification scores were lowest for the right CVA 
subjects. Older controls had more accurate right nostril 
odor Identification ability (X *6.23, sd * .72) than the 
left CVA group (3t ■ 4.53, sd * 1.12), or the right CVA 
group (X - 1.15, sd - .98) which had the least accurate
right nostril odor Identification ability. The TBI group 
correctly Identified fewer odors with the right nostril 
* 3.00, sd * 1.22) than did the younger control subjects 
(X * 6.30, sd * .75). (See Table 4 and Figure 8).
Planned comparisons between the older controls and 
the two CVA groups revealed that controls had 
significantly higher scores than the left CVA group (t « 
4.55, p = .00006) or the right CVA group (t = 14.94, p < 
.00001). The TBI group scored significantly below the 
younger control subjects using the right nostril and a 
picture-odor format (t = 8.30, p < .00001). Comparisons 
among the 3 patient groups revealed that the left CVA 
group Identified more odors with the right nostril than 
either the TBI group (t = 3.33, p * .0001) or the right 
CVA group (t * 8.14, p < .00001). The TBI group also 
identified more odors than the right CVA group (t = 4.23
p * .00001) using the right nostril.
Left Versus Right Nostril Differences in 
Indentlflcatlon
The left CVA group identified fewer odors with the
left nostril than the right nostril (t ■ -5.52, p *
.00006). This was the expected result and reflects 
significant left hemisphere dysfunction of olfactory 
cortex. Likewise, the right CVA group identified fewer 
odors with the right nostril than the left nostril (t ■ 
9.66, p < .00001), consistent with right hemisphere
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olfactory dysfunction. The TBI and control subjects did 
not exhibit left versus right nostril differences on the 
odor Identification task.
Odor Recognition Scores
Left M o s tril Delaved Odor Recognition 
Left nostril odor recognition scores were lowest for 
the left CVA subjects. The older controls recognized 
nearly all 7 of the test odors after a 15 minute delay (X 
= 6.46, sd * .67), and more than the right CVA group (X * 
5.53, sd = .96), as well as the left CVA group (X = 3.00, 
sd ■ 1.58), who recognized less than half (chance ■ 3.5 
odors) of the 7 test odors when those odors were compared 
with a paired dlstractor odor In the left nostril 
recognition task. The younger controls also correctly 
recognized most of the odors with their left nostril (X = 
6.38, sd * .76), while the TBI group recognized fewer 
odors (X * 4.76, sd * 1.42), but at a level in excess of 
chance. (See Table 4 and Figure 9).
Planned comparisons revealed that the older controls 
and right CVA patients had similar scores. Younger control 
subjects recognized more odors than the TBI group (t *
3.60, p * .0007). As expected, the left CVA group which 
recognized the fewest odors with the left nostril scored 
significantly below the older controls (t - 6.90, p < 
.00001). Comparisons among the 3 patient groups were 
significant only for the right and left CVA groups (t *
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4.93. p ■ .00002) which had the highest and the lowest 
left nostril delayed odor recognition scores respectively.
Right Nostril Delaved Odor Recognition
Right nostril odor recognition scores were lowest for 
the right CVA subjects, as was expected. The older control 
subjects recognized almost all 7 of the test odors after a 
15 minute delay (X * 6.23, sd .92), followed by the left 
CVA group (X = 5.93, sd = 1.25), and the right CVA group 
(X - 3.30, sd= 1.93) which scored below chance expectancy 
(3.50 of 7 odors) using the right nostril. The younger 
controls also correctly recognized most of the odors with 
their right nostril (X = 6.38, sd = .76), while the TBI 
group recognized fewer odors (X - 4.84, sd * 1.06), but at 
a level in excess of chance. (See Table 4 and Figure 9).
Planned comparisons revealed that the older control 
and left CVA groups had similar scores. Older control- 
subjects recognized significantly more odors than the 
right CVA group (t ■ 4.91, p = .00002). Younger controls 
recognized significantly more odors than TBI subjects (t = 
4.21, p * .0001) Comparisons among the patient groups were 
significant only for the left CVA and the right CVA groups 
(t * 4.09, p « .0002) which had the highest and the lowest 
right nostril delayed odor recognition abilities 
respect ively.
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Left Versus Right Nostril D i fferences in 
Recognition
The left CVA group recognized fewer odors with the 
left nostril than the right nostril (t * -5.57, p *
.00006). This was the expected result and reflects 
significant left hemisphere dysfunction of olfactory 
cortex. Likewise, the right CVA group recognized fewer 
odors with the right nostril than the left nostril (t = - 
3.71, p = .001) reflecting right hemisphere dysfunction. 
This was the expected pattern of results. The TBI and 
control subjects did not exhibit left versus right nostril 
differences on the odor recognition task. 
identification Versus Recognition
The TBI group scored below 50% correct on the odor 
Identification task for both nostrils (left nostril X * 
3.46, right nostril X » 3.00), however, they correctly 
recognized 68% of these same odorants after a 15 minute 
delay (left nostril X - 4.76; right nostril X = 4.84). The 
chance expectancy of guessing which odor was smelled 
previously out of seven odor-distractor pairs would be an 
average of 3.50, or 50% of the odors correctly recognized 
by chance alone for a hypothetical population of 
individuals. The probability of correctly recognizing a 
total of 66% of the odors (averaged for the two nostrils) 
by chance alone is quite low (p «.09). Left nostril 
recognition scores for the TBI group were significantly
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a b o v e  a h y p o t h e t i c a l  a v e r a g e  s c o r e  of 3 . 5 0  out of 7 o d o r s  
(t= 3.21, p = . 0 0 37), a n d  r i g h t  n o s t r i l  r e c o g n i t i o n  s c o r e s
for t h e  TBI g r o u p  w e r e  a l s o  a b o v e  t h e  h y p o t h e t i c a l  v a l u e  
of 3 . 5 0  (t = 4 . 54, p - . 0 003 ) .
In c o n t r a s t ,  for t h e  t w o  C V A  g r o u p s  r e c o g n i t i o n  
s c o r e s  w e r e  e s s e n t i a l l y  at c h a n c e  l e v e l s .  T h e  p r o b a b i l i t y  
of c o r r e c t l y  r e c o g n i z i n g  e i t h e r  3 of t h e  7 o d o r s  (42% 
c o r r e c t ) ,  or 4 of t h e  7 o d o r s ,  ( 5 7 %  c o r r e c t )  is r a t h e r  
h i g h  (3 c o r r e c t ,  p - .27; 4 c o r r e c t ,  p = .27). U s i n g  t h e
n o s t r i l  i p s i l a t e r a l  to the C V A  (the n o s t r i l  c o n n e c t i n g  
w i t h  the s t r o k e  d a m a g e d  h e m i s p h e r e ) ,  t h e  C V A  s u b j e c t s  
c o r r e c t l y  i d e n t i f i e d  less t h a n  50 %  of t h e  o d o r s  (left CVA- 
left n o s t r i l  X - 2.15; r i g h t  C V A - r i g h t  n o s t r i l  X = 1.15). 
W i t h  the s a m e  n o s t r i l ,  t h e i r  r e c o g n i t i o n  s c o r e s  w e r e  not 
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c h a n c e ,  or a h y p o t h e t i c a l  
v a l u e  of 3 . 5 0  out of 7 o d o r s  r e c o g n i z e d  (left n o s t r i l - l e f t  
C V A  X = 3.00, t = -1 . 1 4 ,  p - .13, r i g h t  n o s t r 11 - r i g h t  C V A
X = 3.30, t = - 0 . 3 5 ,  p = .36). T h e  p r o b a b i l i t y  of an
i n d i v i d u a l  c o r r e c t l y  r e c o g n i z i n g  3 of t h e  4 o d o r a n t s  (42% 
c o r r e c t )  is r a t h e r  h i g h  (p = .27), w h e n  t h e r e  is a 50%
c h a n c e  of b e i n g  c o r r e c t  on e a c h  t r i a l .  T h e  s t r o k e  p a t i e n t s  
w e r e  m u c h  a b o v e  t h e  c h a n c e  e x p e c t a n c y  r a n g e  for th e  
n o s t r i l  c o n t r a l a t e r a l  to th e  d a m a g e d  h e m i s p h e r e  
r e c o g n i z i n g  5.5 to 5.9 of t h e  7 o d o r s  (p = .05). B o t h
g r o u p s  of c o n t r o l  s u b j e c t s  a l s o  r e c o g n i z e d  m o s t  of the 
o d o r s  c o r r e c t l y ,  e v e n t s  t h a t  w o u l d  o c c u r  b y  c h a n c e  a l o n e
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with a very low probability (ranging from p = .05 to p * 
.007 >.
Discuss ion
The essential findings of this study are that damage 
to left or right temporal areas of the brain produces 
different effects upon olfactory functioning than does 
damage to primarily orbitofronta1 brain areas. These 
results are consistent with anatomical descriptions of the 
olfactory system that differentiate mesial temporal 
primary olfactory cortex from frontal olfactory areas 
(Guyton, 1987; Montemurro & Brunl, 1988; Kopala & Clark, 
1990; Smith & Shipley, 1992). More specifically, these 
findings are similar to those of Jones-Gotman and Zatorre 
(1988) who reported poor odor identification abilities for 
patients with temporal lobe excisions, and even more 
Impaired abilities for patients with orbitofrontal 
excisions. In the present study these differences are 
observed in the varied pattern of performance of the 3 
brain damaged groups.
The left CVA group had the lowest left nostril odor 
identification and left nostril odor recognition scores of 
the three brain damaged groups. In contrast, they had the 
highest right nostril identification and recognition 
scores. These were the predicted findings for this group. 
While their right nostril identification scores were
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s l i q h t l y  b e l o w  t h o s e  of t h e  o l d e r  c o n t r o l  s u b j e c t s ,  t h e i r  
r e c o g n i t i o n  s c o r e s  w e r e  s i m i l a r  to a g e  e q u a t e d  c o n t r o l s .  
T h e s e  p o o r  left n o s t r i l  s c o r e s  a r e  c o n s i s t e n t  w i t h  the 
left h e m i s p h e r e  b r a i n  d a m a g e  i n v o l v i n g  c o r t i c a l  a r e a s  
i m p o r t a n t  to o l f a c t o r y  f u n c t i o n i n g  in t h e s e  left C V A  
s u b j e c t s .  T h a t  is, left n o s t r i l  o d o r  i d e n t i f i c a t i o n  a n d  
o d o r  r e c o g n i t i o n  a b i l i t i e s  w e r e  i m p a i r e d  c o n c u r r e n t l y  w i t h  
left t e m p o r a l  l o b e  d a m a g e  (the r e s u l t  of a r e c e n t  left 
h e m i s p h e r e  C V A ) ,  a n d  r i g h t  n o s t r i l  odor i d e n t i f i c a t i o n  and 
o d o r  r e c o g n i t i o n  a b i l i t i e s  w e r e  e s s e n t i a l l y  i n t a c t  
r e f l e c t i n g  a p p a r e n t l y  n o r m a l  r i g h t  h e m i s p h e r e  f u n c t i o n i n g  
for t h e  left C V A  s u b j e c t s .
T h e  r i g h t  C V A  g r o u p  p r o d u c e d  a v i r t u a l  m i r r o r  i m a g e  
p a t t e r n  of p e r f o r m a n c e  w h e n  c o m p a r e d  to t h e  left C V A  
g r o u p .  R i g h t  C V A  s u b j e c t s  had th e  l o w e s t  r i g h t  n o s t r i l  
o d o r  i d e n t i f i c a t i o n  and r e c o g n i t i o n  s c o r e s  of t h e  t h r e e  
p a t i e n t  g r o u p s  r e f l e c t i n g  r i g h t  t e m p o r a l  l o b e  d a m a g e . T h e y  
a l s o  h a d  t h e  h i g h e s t  left n o s t r i l  s c o r e s  for t h e s e  g r o u p s ,  
c o n s i s t e n t  w i t h  e s s e n t i a l l y  n o r m a l  left h e m i s p h e r e  
f u n c t i o n i n g .  A g a i n ,  t h e s e  w e r e  t h e  p r e d i c t e d  o u t c o m e s ,  a n d  
for b o t h  t h e  r i g h t  a n d  l e f t  C V A  g r o u p s  t h e s e  f i n d i n g s  a r e  
c o n s i s t e n t  w i t h  o t h e r  s t u d i e s  t h a t  h a v e  o b s e r v e d  
l a t e r a l i z e d  o l f a c t o r y  d e f i c i t s  f o l l o w i n g  l e s i o n s  
r e s t r i c t e d  to e i t h e r  h e m i s p h e r e  ( G o r d o n  & S p e r r y ,  1969, 
R a u s c h ,  S e r a f e t i n i d e s  & C r a n d a l l ,  1977; J o n e s - G o t m a n  S 
Z a t o r r e ,  1988) .
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T h i s  p a t t e r n  of I m p a i r e d  left a n d  r i g h t  n o s t r i l  
o l f a c t o r y  f u n c t i o n i n g  s u g g e s t s  t h a t  l i t t l e  o l f a c t o r y  
i n f o r m a t i o n  was p r o c e s s e d ,  or s t o r e d  for l a t e r  c o m p a r i s o n ,  
in t h e  d a m a g e d  t e m p o r a l  c o r t e x  of t h e  C V A  s u b j e c t s .  T h i s  
a p p e a r s  to be t h e  c a s e  s i n c e  b o t h  o d o r  i d e n t i f i c a t i o n  a n d  
d e l a y e d  o d o r  r e c o g n i t i o n  f u n c t i o n i n g  w e r e  i m p a i r e d  in 
t h e s e  s u b j e c t  g r o u p s  w h e r e  c o r t i c a l  d a m a g e  w a s  p r i m a r i l y  
in t e m p o r a l  r e g i o n s .  S m i t h  a n d  S h i p l e y  (1992) r e f e r  to 
t h e s e  t e m p o r a l  l o b e  a r e a s  as th e  p r i m a r y  o l f a c t o r y  c o r t e x  
a n d  th e  p r e s e n t  r e s u l t s  s u p p o r t  t h e  d e s c r i p t i o n  of t h e s e  
a r e a s  as t h e  i n i t i a l  p r o c e s s i n g  s t a t i o n  of o l f a c t o r y  
i n f o r m a t i o n  w i t h i n  t h e  c o r t e x .
T h e  TBI g r o u p  p r o d u c e d  q u i t e  a d i f f e r e n t  p a t t e r n  of 
r i g h t  a n d  left n o s t r i l  o l f a c t o r y  a b i l i t y  t h a n  w a s  o b s e r v e d  
in the t w o  C V A  g r o u p s .  As p r e d i c t e d ,  t h i s  g r o u p  t e n d e d  to 
s c o r e  at a l e v e l  i n t e r m e d i a t e  to t h a t  of c o n t r o l  s u b j e c t s  
a n d  t h e  C V A  s u b j e c t s  ( w h e n  c o m p a r i s o n s  w e r e  m a d e  w i t h  the 
s c o r e s  for th e  n o s t r i l s  i p s i l a t e r a l  to the h e m i s p h e r e  w i t h  
t h e  C V A  r e l a t e d  b r a i n  d a m a g e i . T h i s  I n t e r m e d i a t e  level of 
odor i d e n t i f i c a t i o n  a n d  r e c o g n i t i o n  f u n c t i o n i n g  wa s  
s i g n i f i c a n t l y  b e l o w  t h a t  of th e  a g e - e q u a t e d  c o n t r o l s ,  and 
is a s s o c i a t e d  w i t h  b r a i n  d a m a g e  t h a t  w a s  p r i m a r i l y  
o r b i t o f r o n t a 1. H o w e v e r ,  w h a t  w a s  not p r e d i c t e d  w a s  the TBI 
s u b j e c t s  a b i l i t y  to c o r r e c t l y  r e c o g n i z e  m o r e  o d o r s  t h a n  
t h e y  c o u l d  i d e n t i f y .  T h i s  s u p e r i o r  o d o r  r e c o g n i t i o n  
a b i l i t y  o c c u r r e d  for b o t h  n o s t r i l s  a n d  at l e v e l s  in e x c e s s
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of c h a n c e  e x p e c t a n c y  (i.e., g r e a t e r  t h a n  3 . 5 0  of 7 o d o r s  
r e c o g n 1 z e d ) .
W i t h  t h e  l e f t  n o s t r i l  t h e  TBI g r o u p  i d e n t i f i e d  an 
a v e r a g e  of 3 . 4 6  of 7 o d o r s .  H o w e v e r ,  a f t e r  a 15 m i n u t e  
d e l a y ,  t h i s  g r o u p  c o r r e c t l y  r e c o g n i z e d  an a v e r a g e  of 4.76 
of 7 o d o r s  w h e n  p r e v i o u s l y  s m e l l e d  o d o r s  w e r e  p a i r e d  w i t h  
a d i s t r a c t o r  o d o r  u s i n g  t h e  s a m e  n o s t r i l .  W i t h  t h e  r i g h t  
n o s t r i l  the TBI g r o u p  i d e n t i f i e d  3 . 0 0  o d o r s ,  a n d  l a t e r 
r e c o g n i z e d  4 . 8 4  o d o r s  w i t h  t h a t  n o s t r i l .  For b o t h  n o s t r i l s  
o d o r  r e c o g n i t i o n  s c o r e s  w e r e  s i g n i f i c a n t l y  a b o v e  c h a n c e .  
T h i s  g e n e r a l  p a t t e r n  of p e r f o r m a n c e  s u g g e s t s  t h a t  TBI 
s u b j e c t s  w e r e  m o d e r a t e l y  i m p a i r e d  in t e r m s  of o l f a c t o r y  
i d e n t i f i c a t i o n  a b i l i t y ,  a n d  c o u l d  b e s t  be d e s c r i b e d  as 
h y p o s m i c  r a t h e r  t h a n  a n o s m i c .  It a l s o  s u g g e s t s  t h a t  TBI 
p a t i e n t s  a r e  p r o c e s s i n g  a n d  s t o r i n g  m o r e  o d o r  r e l a t e d  
i n f o r m a t i o n  t h a n  t h e i r  o d o r  i d e n t i f i c a t i o n  a b i l i t y  
i n d i c a t e s ,  g i v e n  t h e i r  r e l a t i v e l y  h i g h e r  lev e l  of odor 
r e c o g n i t i o n  t h a n  o d o r  i d e n t 1f i c a t  1 on a b i l i t y .  T h e  
p e r f o r m a n c e  of t h e  TBI p a t i e n t s  is c o n s i s t e n t  w i t h  the 
o b s e r v a t i o n  of o d o r  i d e n t i f i c a t i o n  d e f i c i t s  in h e a d  i n j u r y  
p a t i e n t s  ( V a r n e y ,  19 8 8 ) .  H o w e v e r ,  t h e  f i n d i n g  of o d o r  
r e c o g n i t i o n  a b i l i t i e s  b e i n g  g r e a t e r  t h a n  o d o r  
i d e n t i f i c a t i o n  a b i l i t i e s  (and c h a n c e  e x p e c t a t i o n s )  has not 
b e e n  r e p o r t e d  in the o l f a c t o r y  l i t e r a t u r e .
At the l e v e l  of o l f a c t o r y  c o r t i c a l  f u n c t i o n i n g ,  the 
f i n d i n g s  for t h e  t h r e e  p a t i e n t  g r o u p s  s u g g e s t  t h a t
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t e m p o r a l  and o r b 1t o f r o n t a 1 c o r t i c a l  a r e a s  m a y  h a v e  
i n t e r d e p e n d e n t  a n d  ye t  d i s t i n c t  r o l e s  in o l f a c t o r y  m e m o r y  
f u n c t i o n i n g .  T h e s e  d i s t i n c t  r o l e s  a r e  s u g g e s t e d  b y  
c o m p a r i n g  t h e  p e r f o r m a n c e  of t h e  C V A  g r o u p s  w i t h  t e m p o r a l  
l o b e  d a m a g e  w i t h  t h a t  of t h e  TBI g r o u p  w i t h  p r e d o m i n a t e l y  
o r b i t o f r o n t a l  b r a i n  d a m a g e .  O n c e  a g a i n ,  t h i s  p a t t e r n  
r e s e m b l e s  t h a t  d e s c r i b e d  b y  J o n e s - G o t m a n  a n d  Z a t o r r e  
( 1988) w h o  f o u n d  a g r e a t e r  o d o r  i d e n t i f i c a t i o n  d e f i c i t  for 
s u b j e c t s  w i t h  o r b i t o f r o n t a  1 e x c i s i o n s  t h a n  w a s  the c a s e  
for s u b j e c t s  w i t h  t e m p o r a l  l o b e  e x c i s i o n .  T h e r e  is a 
d i s t i n c t i o n ,  h o w e v e r ,  in t h a t  J o n e s - G o t m a n  a n d  Z a t o r r e  
(1988) s t u d i e d  o n l y  o d o r  i d e n t i f i c a t i o n ,  w h i l e  the p r e s e n t  
s t u d y  c o n s i d e r e d  d e l a y e d  o d o r  r e c o g n i t i o n ,  or t h e  
r e t e n t i o n  of o l f a c t o r y  i n f o r m a t i o n  o v e r  t i m e  as w e ll. T h i s  
p r o v i d e s  an a d d i t i o n a l  m e a s u r e  of s u p p o r t  for 
d i s t i n g u i s h i n g  t h e s e  o l f a c t o r y  c o r t i c a l  a r e a s  by 
d e m o n s t r a t i n g  d i f f e r i n g  e f f e c t s  u p o n  t h e s e  two o l f a c t o r y  
t a s k s  a s s o c i a t e d  w i t h  t e m p o r  al l o b e  a n d  f r o n t a l  lobe 
d a m a g e .
T o  s u m m a r i z e  t h e  p r e s e n t  f i n d i n g s  to t h i s  p o i n t ,  
t e m p o r a l  lobe o l f a c t o r y  c o r t e x ,  a n d  o r b i t o f r o n t a 1 
o l f a c t o r y  c o r t e x  a p p e a r  to h a v e  d i s t i n c t  r o l e s  in odor 
m e m o r y  f u n c t i o n i n g .  D a m a g e  to t e m p o r a l  o l f a c t o r y  c o r t e x  
r e s u l t s  in b o t h  odor i d e n t i f i c a t i o n  a n d  odor r e c o g n i t i o n  
d e f i c i t s ,  w h i l e  o r b i t o f r o n t a l  d a m a g e  r e s u l t s  in p r i m a r i l y  
odor i d e n t i f i c a t i o n  d e f i c i t s ,  s u g g e s t i n g  s p e c i a  1 i z a t i o n  of
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o l f a c t o r y  c o r t e x .  T h i s  I n t e r p r e t a t i o n  of t h e  d a t a  is 
g e n e r a l l y  c o n s i s t e n t  w i t h  k n o w n  o l f a c t o r y  p a t h w a y s  w i t h i n  
the b r a i n  ( K o p a l a  & C l a r k ,  1990; S m i t h  a n d  S h i p l e y ,  1 9 9 2 ) .  
As c a n  be s e e n  in F i g u r e  6, o d o r  i n f o r m a t i o n  is f i r s t  
r e l a y e d  to m e s i a l  t e m p o r a l  l o b e  a r e a s  in b o t h  h e m i s p h e r e s  
r e f e r r e d  to as t h e  p r i m a r y  o l f a c t o r y  a r e a .  S h o u l d  t h e s e  
p r i m a r y  o l f a c t o r y  a r e a s  be d a m a g e d ,  o n l y  l i m i t e d  odor  
i n f o r m a t i o n  w o u l d  be r e l a y e d  o n w a r d  to o r b i t o f r o n t a l  a r e a s  
for f u r t h e r  p r o c e s s i n g  ( o dor i d e n t i f i c a t i o n  d e f i c i t )  or 
r e l a y e d  to l i m b i c  a r e a s  for m e m o r y  p r o c e s s i n g  (odor 
r e c o g n i t i o n  d e f i c i t ) .  T h i s  is w h a t  o c c u r s  in the c a s e  of 
u n i l a t e r a l  t e m p o r a l  l o b e  d a m a g e  (CVA).
In c o n t r a s t ,  s h o u l d  t e m p o r a l  o l f a c t o r y  c o r t e x  be 
u n d a m a g e d  or m i n i m a l l y  d a m a g e d  w h i l e  o r b 11 o f r o n t a  1 c o r t e x  
is m o r e  s e v e r e l y  d a m a g e d ,  o l f a c t o r y  p r o c e s s i n g  an d  odor 
m e m o r y  p r o c e s s i n g  w i t h i n  t h e  t e m p o r a l  l o b e s  w o u l d  be 
r e l a t i v e l y  i n t a c t  a n d  o d o r  m e m o r y  a b i l i t y  (odor 
r e c o g n i t i o n )  o n l y  m i n i m a l l y  i m p a i r e d .  O d o r  i n f o r m a t i o n  
w o u l d  s t i l l  be r e l a y e d  o n w a r d  to o r b i t o f r o n t a 1 a r e a s .  
H o w e v e r ,  It is s u g g e s t e d  t h a t  w i t h  d a m a g e  in o r b i t o f r o n t a 1 
c o r t e x  f u r t h e r  p r o c e s s i n g  of t h a t  i n f o r m a t i o n  w i t h  r e g a r d  
to n a m i n g  or l a b e l i n g  a s p e c i f i c  odor w o u l d  be s e v e r e l y  
l i m i t e d  ( o dor i d e n t i f i c a t i o n  d e f i c i t ) .  T h i s  is w h a t  o c c u r s  
in t h e  c a s e  of TBI.
A d d i t i o n a l  o b s e r v a t i o n s  for t h i s  s t u d y  i n c l u d e  
d i f f e r e n c e s  In t h r e s h o l d  s c o r e s ,  v e r b a l  v e r s u s  n o n v e r b a l
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d i f f e r e n c e s  In th e  C V A  g r o u p s ,  an d  the e f f e c t s  of a g e  on 
o l f a c t o r y  a b i l i t y .  T h e s e  f i n d i n g s  w i l l  be c o n s i d e r e d  
b r i e f l y  as t h e y  a r e  of r e l a t e d  bu t  s e c o n d a r y  I m p o r t a n c e  to 
t h e  u n d e r s t a n d i n g  of c o r t i c a l  s t r u c t u r e s  a n d  o l f a c t i o n .
T h e  e f f e c t s  of m e d i c a t i o n s  t a k e n  b y  s u b j e c t s ,  a n d  c e r t a i n  
p a t i e n t  s u b j e c t  v a r i a b l e s  w i l l  be c o n s i d e r e d  as w e ll.
T h r e s h o l d  s c o r e s  t e n d  to be s o m e w h a t  l o w e r  in this 
s t u d y  t h a n  t h o s e  r e p o r t e d  b y  C a i n  et a l , ( 1 9 8 3 ) .  T h e
e x c e p t i o n  b e i n g  t h o s e  s e e n  in th e  y o u n g e r  c o n t r o l  
s u b j e c t s .  L o w e r  t h r e s h o l d  s c o r e s  i n d i c a t e  t h a t  s u b j e c t s  
r e q u i r e d  less d i l u t e d  s o l u t i o n s  of b u t a n o l  to d e t e r m i n e  
w h e t h e r  t h e y  c o u l d  s m e l l  a l c o h o l  or not, m a k i n g  t h e i r  
a c t u a l  t h r e s h o l d  for b u t a n o l  h i g h e r .  In c o n t r a s t ,  h i g h e r  
s c o r e s  i n d i c a t e  t h a t  s u b j e c t s  c o u l d  c o r r e c t l y  d e t e r m i n e  
t h e  p r e s e n c e  of b u t a n o l  w h e n  it was m o r e  d i l u t e d ,  m a k i n g  
t h e  a c t u a l  b u t a n o l  t h r e s h o l d  lower.
T h r e s h o l d  s c o r e s  w e r e  s i m i l a r  for the o l d e r  c o n t r o l  
an d  t h e  t h r e e  p a t i e n t  g r o u p s .  T h e s e  g r o u p s  ha d  t h r e s h o l d s  
for h i g h l y  d i l u t e d  b u t a n o l  s o l u t i o n s  at t h e  f i f t h  to s i x t h  
d i l u t i o n  s t e p .  T h e s e  s c o r e s  w e r e  a p p r o x i m a t e l y  1 1/2 s t e p s  
l o wer t h a n  t h o s e  r e p o r t e d  b y  C a i n  et al. ( 1 9 8 3 ) ,  w h o  
o b s e r v e d  t h a t  9 0 %  of n o r m a l  s u b j e c t s  h a d  s c o r e s  at the 7 t h  
d i l u t i o n  s t e p  or h i g h e r .  Y o u n g e r  c o n t r o l s  fell w i t h i n  this 
r a n g e  w i t h  a v e r a g e  t h r e s h o l d  s c o r e s  just a b o v e  t h e  6 t h  
s t e p .  G i v e n  t h e  a l m o s t  u n a n i m o u s  r e p o r t i n g  of a l l e r g y  
c o m p l a i n t s  by b o t h  p a t i e n t  a n d  c o n t r o l  s u b j e c t s ,  it Is
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p o s s i b l e  t h a t  t h e s e  o v e r a l l  l o w e r  s c o r e s  w e r e  d u e  in part  
to t h i s  h i g h  p r e v a l e n c e  of n a s a l  a l l e r g i e s  w i t h i n  the 
r e g i o n  f r o m  w h i c h  s u b j e c t s  w e r e  r e c r u i t e d .
O n l y  t h e  y o u n g e r  c o n t r o l s  a n d  t h e  t w o  C V A  g r o u p s  w e r e  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  w i t h  r e g a r d  to 
t h r e s h o l d  s c o r e s .  T h e s e  t w o  g r o u p s  w e r e  a l s o  d i f f e r e n t  in 
t e r m s  of age, w i t h  C V A  s u b j e c t s  b e i n g  m o r e  t h a n  20 y e a r s  
o l d e r  t h a n  the y o u n g  c o n t r o l s .  H o w e v e r ,  t h i s  t h r e s h o l d  
d i f f e r e n c e  is not l i k e l y  to be e n t i r e l y  an a g e - r e l a t e d  
e f f e c t  s i n c e  t h e  o l d e r  c o n t r o l s  h a d  t h r e s h o l d  s c o r e s  
s i m i l a r  to y o u n g e r  c o n t r o l s .  A n o t h e r  f a c t o r  t h a t  w o u l d  
a c c o u n t  for t h e  d i f f e r e n c e s  o b s e r v e d  for t h e s e  g r o u p s  m a y  
be th e  a t t e n u a t i n g  e f f e c t  of the m e d i c a t i o n s  t a k e n  by the 
C V A  p a t i e n t s  on o l f a c t o r y  a b i l i t y .  T h i s  w i l l  be c o n s i d e r e d  
f u r t h e r  b e l o w .  It is a l s o  n o t e w o r t h y  t h a t  n o n e  of the 
s u b j e c t  g r o u p s  e x h i b i t e d  a d i f f e r e n c e  in t h r e s h o l d  s c o r e s  
b e t w e e n  n o s t r i l s .  T h i s  was the c a s e  e v e n  for the C V A  
g r o u p s  w h o  e x h i b i t e d  c o n s i d e r a b l e  n o s t r i l  d i f f e r e n c e s  on 
i d e n t i f i c a t i o n  a n d  r e c o g n i t i o n  t e s t i n g .
L a s t l y ,  t h e s e  t h r e s h o l d  s c o r e s  a l s o  i n d i c a t e  t h a t  the 
n a s a l  p a s s a g e s  of s u b j e c t s  w e r e  u n r e s t r i c t e d  at t h e  t i m e  
of t e s t i n g ,  and t h a t  t h e  o l f a c t o r y  n e r v e  of s u b j e c t s  was 
e s s e n t i a l l y  i n t a c t .  T h i s  w a s  of c o u r s e  d e l i b e r a t e  in that 
s u b j e c t s  w h o  f a i l e d  to e x h i b i t  t h r e s h o l d  s c o r e s  a b o v e  t h e  
t h i r d  d i l u t i o n  s t e p  for e i t h e r  n o s t r i l  w e r e  e x c l u d e d  f r o m  
f u r t h e r  s t u d y .  In t h i s  w a y  n a s a l  a i r w a y  d a m a g e  a n d
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o l f a c t o r y  n e r v e  d a m a g e  w e r e  e l i m i n a t e d  as c a u s e s  of 
o b s e r v e d  o l f a c t o r y  d e f i c i t s .
V e r b a l  v e r s u s  n o n v e r b a l  o d o r  i d e n t i f i c a t i o n  
d i f f e r e n c e s  w e r e  no t  o b s e r v e d  for e i t h e r  of t h e  c o n t r o l  
g r o u p s  or for t h e  TBI g r o u p ,  w i t h  s c o r e s  for t h e  v e r b a l  
( o d o r - w o r d )  i d e n t i f i c a t  1 on t a s k  a n d  th e  n o n v e r b a l  ( o d o r -  
p i c t u r e )  t a s k  b e i n g  e s s e n t i a l l y  t h e  s a m e  for t h e s e  t h r e e  
g r o u p s .  T h e s e  c o m p a r i s o n s  a r e  i d e n t i c a l  to t h o s e  of t h e  
left v e r s u s  r i g h t  n o s t r i l  c o m p a r i s o n s ,  s i n c e  t h e  o d o r - w o r d  
o d o r a n t s  w e r e  s m e l l e d  w i t h  t h e  left n o s t r i l  o n ly, an d  th e  
o d o r - p i c t u r e  o d o r a n t s  w e r e  s m e l l e d  u s i n g  t h e  r i g h t  
n o s t r i l .  T h i s  f i n d i n q  is in c o n t r a s t  to a s t u d y  d o n e  by 
R a u s c h ,  S e r a f e t i n i d e s  an d  C r a n d a l l  (1 9 7 7 )  w h i c h  n o t e d  a 
r i g h t - n o s t r i 1, r i g h t -h e m l s p h e r e  s u p e r i o r i t y  in n o n v e r b a l  
o l f a c t o r y  m e m o r y  f u n c t i o n i n g .  P r o c e d u r a l  d i f f e r e n c e s  
b e t w e e n  the p r e s e n t  s t u d y  and the m e t h o d o l o g y  of R a u s c h ,  
S e r a f e t i n i d e s ,  a n d  C r a n d a l l  (1977) m a y  a c c o u n t  for t h e s e  
f i n d i n g s .  T h e y  c o m b i n e d  o d o r  t h r e s h o l d  a n d  odor 
i d e n t i f i c a t i o n  in a s i n g l e  t a s k  m a k i n g  it a r e l a t i v e l y  
m o r e  s e n s i t i v e  p r o c e d u r e .  A s t u d y  of t e m p o r a l  l o b e c t o m y  
s u b j e c t s  ( J o n e s - G o t m a n  & Z a t o r r e ,  1 9 88) a n d  a n o t h e r  s t u d y  
e m p l o y i n g  n o r m a l  s u b j e c t s  ( Z a t o r r e  & J o n e s - G o t m a n ,  1 9 90)  
a l s o  s u g g e s t e d  a r i g h t  n o s t r i l  a d v a n t a g e  in o l f a c t o r y  
p r o c e s s i n g .  T h e s e  f i n d i n g s  a r e  a l s o  d i v e r g e n t  f r o m  t h e  
o u t c o m e  of t h e  p r e s e n t  s t u d y .
91
M e t h o d o l o g i c a l  d i f f e r e n c e s  are, a g a i n ,  th e  m o s t  
s a l i e n t  e x p l a n a t i o n  for t h e s e  c o n t r a d i c t o r y  r e s u l t s .  T h e  
p r e s e n t  s t u d y  u t i l i z e d  a s u p r a t  h r e s h o  Id o l f a c t o r y  
i d e n t i f i c a t i o n  t e s t  t h a t  w a s  d e v e l o p e d  for c l i n i c a l  u s e  in 
p o p u l a t i o n s  w i t h  k n o w n  or s u s p e c t e d  p a t h o l o g i c a l  
c o n d i t i o n s .  T h e  p r e v i o u s  s t u d i e s  e m p l o y e d  e i t h e r  f e wer 
o d o r a n t s ,  or m o r e  s e n s i t i v e  e x p e r i m e n t a l  p r o c e d u r e s  that 
u s e d  h i g h e r  t h r e s h o l d  s t i m u l i  In odor i d e n t i f i c a t i o n  a n d  
r e c o g n i t i o n  t e s t i n g .  D o t y  et al. (1964) o b s e r v e d  t h a t  m o s t  
c l i n i c a l  t e s t i n g  p r o c e d u r e s  of t h e  s e n s e  of s m e l l  r e s u l t  
in a h i g h  c o r r e l a t i o n  b e t w e e n  t h e  t w o  n o s t r i l s .  T h i s  h i g h  
c o r r e l a t i o n  b e t w e e n  n o s t r i l s  is c o n s i s t e n t  w i t h  the 
p r e s e n t  f i n d i n g s  w h i c h  e m p l o y e d  the c l i n i c a l  m e t h o d o l o g y  
of t h e  C C C R C .
R e g a r d i n g  th e  C V A  s u b j e c t s  and v e r b a l  v e r s u s  
n o n v e r b a l  d i f f e r e n c e s  in o d o r  i d e n t i f i c a t i o n  a b i l i t y ,  the 
n o s t r i l s  i p s i l a t e r a l  to t h e  i n t a c t  h e m i s p h e r e  of t h e s e  
s u b j e c t s  w e r e  e q u a l l y  c a p a b l e  of b o t h  i d e n t i f y i n g  a n d 
r e c o g n i z i n g  o d o r s .  In a d d i t i o n ,  t h e r e  w a s  no n o n v e r b a l  or 
r i g h t  n o s t r i l  a d v a n t a g e  d e m o n s t r a t e d  b y  t h e s e  s u b j e c t s .
T h a t  is, t h e  left C V A  p a t i e n t s  u s i n g  t h e  r i g h t  n o s t r i l  di d 
no b e t t e r  t h a n  t h e  r i g h t  C V A  p a t i e n t s  u s i n g  the left 
no s  t r i 1 .
A g e  of s u b j e c t s  h a d  o n l y  a m o d e s t  i n f l u e n c e  on 
o l f a c t o r y  a b i l i t i e s  for e a c h  of t h e  t a s k s  in t h i s  s t u d y ,  
w i t h  s c o r e s  d e c l i n i n g  w i t h  a g e  for b o t h  t h e  c o n t r o l  and
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p a t i e n t  g r o u p s .  As C a i n  et al. (1988) r e p o r t e d  c l i n i c a l  
s u b j e c t s  d o  not c l e a r l y  d e m o n s t r a t e  a g e  (or sex) 
d i f f e r e n c e s  in o l f a c t o r y  a b i l i t y .  T h i s  is the c a s e  in the 
p r e s e n t  s t u d y  w h e r e  t h e  e f f e c t s  of b r a i n  d a m a g e  a r e  m u c h  
g r e a t e r  t h a n  a g e  e f f e c t s  u p o n  o l f a c t o r y  f u n c t i o n i n g .
It c a n n o t  be n e g l e c t e d  in t h i s  d i s c u s s i o n ,  t h a t  th e  
p a t i e n t  s u b j e c t s  in t h i s  s t u d y  ha d  s i g n i f i c a n t  b r a i n  
d a m a g e .  W h i l e  age, g e n d e r ,  e d u c a t i o n a l  b a c k g r o u n d ,  and 
o t h e r  s u b j e c t  v a r i a b l e s  w e r e  c o n t r o l l e d  for the t h r e e  
p a t i e n t  g r o u p s ,  b r a i n  d a m a g e  c o u l d  not be so n e a t l y  
r e l e g a t e d .  T h a t  is, t h e r e  m a y  h a v e  b e e n  s o m e  o v e r l a p  
b e t w e e n  t h e  t h r e e  s u b j e c t  g r o u p s  in t e r m s  of a c t u a l  b r a i n  
a r e a s  d a m a g e d  by C V A  a n d  TBI i n c i d e n t s .  D e s p i t e  this, 
t h e r e  w e r e  c l e a r  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  in t e r m s  
of t h e  k i n d  of o l f a c t o r y  d e f i c i t s  o b s e r v e d .
T h e  m a j o r i t y  of t h e s e  p a t i e n t  s u b j e c t s  w e r e  a l s o  
i n v o l v e d  in r e h a b 1 1 i t a t i o n  p r o g r a m s  for a n u m b e r  of 
n e u r o 1 o g i c a 1 1 y r e l a t e d  d i f f i c u l t i e s .  T h i s  i n c l u d e s  s p e e c h  
t h e r a p y ,  a n d  c o g n i t i v e  r e h a b i l i t a t i o n  for m i l d  (and a few 
w i t h  m o d e r a t e )  m e m o r y  a n d / o i  c o g n i t i v e  d e f i c i t s .  W h i l e  
s u b j e c t s  w e r e  s c r e e n e d  for m o d e r a t e  an d  s e v e r e  l a n g u a g e  
a n d  c o g n i t i v e  d e f i c i t s ,  it is d o u b t f u l  t h a t  m o r e  t h a n  a 
f e w  of t h e s e  n e u r o 1o g 1c a 1 1 y i n j u r e d  p a t i e n t s  w e r e  f r e e  of 
r e s i d u a l  d e f i c i t s  in t h e i r  s p e a k i n g ,  t h i n k i n g ,  or m e m o r y  
s k i l l s .  T y p i c a l l y ,  s i g n i f i c a n t  l a n g u a g e  a n d  c o g n i t i v e  
i m p a i r m e n t s  w i l l  be o b s e r v e d  in a n u m b e r  of t h e  f u n c t i o n a l
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a b i l i t i e s  of b r a i n  d a m a g e d  p a t i e n t s .  T h e y  w i l l  a f f e c t  
s i m i l a r  t a s k s  a n d  a c t i v i t i e s  e q u a l l y  a n d  c a n  be o b s e r v e d  
as r a t h e r  g l o b a l  i m p a i r m e n t s  in l a n g u a g e  a n d  c o g n i t i o n .
It is a l s o  w o r t h  n o t i n g  t h a t  an o l f a c t o r y  i m p a i r m e n t  
r e l a t e d  to the e f f e c t  of a m e d i c a t i o n  t h a t  i n f l u e n c e s  the 
s e n s e  of s m e l l ,  w o u l d  a l s o  h a v e  a r a t h e r  g e n e r a l  e f f e c t .  
T h a t  is, it is l i k e l y  t h a t  m o s t  o l f a c t o r y  t a s k s  w o u l d  be 
a f f e c t e d  s i m i l a r l y ,  r a t h e r  t h a n  m e d i c a t i o n s  p r o d u c i n g  a 
h i g h l y  r e s t r i c t e d  i n f l u e n c e  on v a r i o u s  t e s t s  of the s e n s e  
of s m e l l .  L i k e w i s e ,  if s i n u s  p r o b l e m s ,  or m e d i c a t i o n  
e f f e c t s  w e r e  t h e  s o u r c e  of o l f a c t o r y  d y s f u n c t i o n ,  b o t h  
n o s t r i l s  w o u l d  be e q u a l l y  a f f e c t e d .  All t h r e e  p a t i e n t  
g r o u p s  w e r e  t a k i n g  a s i m i l a r  n u m b e r  of m e d i c a t i o n s  at the 
t i m e  of t e s t i n g ,  and n e a r l y  all r e p o r t e d  a h i s t o r y  of m i l d  
n a s a 1 a l l e r g i e s .
W h a t  p e r m i t s  the i n t e r p r e t a t i o n  of a s p e c i f i c  
o l f a c t o r y  d e f i c i t  in c o n j u n c t i o n  w i t h  t h e s e  s u b j e c t  
v a r i a b l e s ,  l a n g u a g e ,  c o g n i t i v e ,  a n d  m e d i c a t i o n  f a c t o r s ,  i s  
t h e  c l e a r  u n i l a t e r a l  n a t u r e  of t h e s e  d e f i c i t s  in t h e  c a s e  
of th e  C V A  s u b j e c t s .  If it w e r e  a p h a s i a  ( l a n g u a g e  
d i s t u r b a n c e )  p r o d u c i n g  an i n a b i l i t y  to c o m p r e h e n d  
i n s t r u c t i o n s  c o r r e c t l y ,  d i f f i c u l t y  e x p r e s s i n g  o d o r  n a m e s ,  
or d i f f i c u l t y  c h o o s i n g  t h e  c o r r e c t  odor l a bel f r o m  the 
w o r d  or p i c t u r e  list, b o t h  the left and t h e  r i g h t  n o s t r i l  
s c o r e s  w o u l d  be s i m i l a r l y  a f f e c t e d .  T h i s  w a s  c l e a r l y  not 
th e  c a s e .  T h e  n o s t r i l  i p s i l a t e r a l  to th e  d a m a g e d
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h e m i s p h e r e  w a s  th e  m o s t  i m p a i r e d  w h i l e  th e  c o n t r a l a t e r a l  
n o s t r i l  was m i n i m a l l y  a f f e c t e d .  C l e a r l y ,  s u b j e c t s  
u n d e r s t o o d  t h e  t a s k  i n s t r u c t i o n s  a n d  c o u l d  e x p r e s s  
t h e m s e l v e s  a d e q u a t e l y  to p r o d u c e  n o r m a l  i d e n t i f i c a t i o n  a n d  
r e c o g n i t i o n  s c o r e s  u s i n g  t h e  n o s t r i l  i p s i l a t e r a l  to t h e  
i n t a c t  h e m i s p h e r e .
A s i m i l a r  a r g u m e n t  c a n  be m a d e  w i t h  r e g a r d  to m e m o r y  
i m p a i r m e n t  as the b a s i s  of t h e  o b s e r v e d  o d o r  
i d e n t i f i c a t i o n  a n d  r e c o g n i t i o n  d i f f i c u l t i e s  of t h e s e  
s u b j e c t s .  T h e  d i s t i n c t l y  u n i l a t e r a l  n a t u r e  of th e  d e f i c i t s  
in b o t h  C V A  g r o u p s  a r g u e s  a g a i n s t  a g l o b a l  m e m o r y  
i m p a i r m e n t .  G e n e r a l i z e d  m e m o r y  d e f i c i t s  t y p i c a l l y  r e s u l t  
in g e n e r a l i z e d  a n d  b i l a t e r a l  o l f a c t o r y  d e f i c i t s  (Jones, 
M o s k o w i t z ,  a n d  B u t t e r s  1 1 9 7 5 1 ;  Dot y ,  D e e m s ,  4 S t e l l a r ,  
119681).
TBI s u b j e c t s  a l s o  d e m o n s t r a t e d  a p a t t e r n  of o l f a c t o r y  
d e f i c i t s  i n c o n s i s t e n t  w i t h  a d i s t u r b a n c e  of l a n g u a g e  
a b i l i t y ,  g e n e r a l i z e d  c o g n i t i v e  i m p a i r m e n t ,  or m e d i c a t i o n  
e f f e c t s .  R e c a l l i n g  t h a t  o d o r  i d e n t i f i c a t i o n  w a s  m o r e  
i m p a i r e d  t h a n  o d o r  r e c o g n i t i o n  a b i l i t y  in t h e  TBI s u b j e c t s  
s u g g e s t s  t h a t  a s p e c i f i c  o l f a c t o r y  d e f i c i t  w a s  i n v o l v e d ,  
r a t h e r  t h a n  a g l o b a l  i m p a i r m e n t  in l a n g u a g e  or c o g n i t i v e  
s k i l l s  n e c e s s a r y  to the a s s e s s m e n t  of o l f a c t o r y  f u n c t i o n .  
T h e s e  k i n d s  of i m p a i r m e n t s  w o u l d  be e x p e c t e d  to a f f e c t  
o d o r  I d e n t i f i c a t i o n  and r e c o g n i t i o n  t a s k s  e q u a l l y ,  as
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would medications, consistent with the studies Just 
m e n t 1o n e d .
It Is prudent to assume that most of the brain damage 
related olfactory memory deficits observed in this study 
were present along with other non-neurologlcal influences 
on olfactory functioning. However, It also prudent to 
assume that these other non-neurologlcal influences were 
minor In comparison to the well established effects of 
brain trauma on olfaction. Further, the purpose of the 
study was not to address the issue of brain damage versus 
non-brain damage related olfactory memory deficits.
Rather, it was to determine whether or not damage to 
temporal cortical areas produces different effects, than 
those of orbltofrontal damage, upon olfactory memory 
functioning. The present study clearly demonstrates such 
d 1f fer ences .
S u m m a r y  a n d  C o n c l u s i o n s
In summary, the present data suggest that the 
temporal lobes and the essential olfactory areas within 
the temporal lobes are the initial point of odor memory 
processing. Anatomically, these areas are the primary 
olfactory cortex and mesial temporal areas. Odor 
information that Is effectively processed within these 
temporal areas is relayed forward to orbltofrontal 
olfactory areas, which the present data suggest is an area 
important to identifying specific odors and Is involved in
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t h e  p r o c e s s  of a t t a c h i n g  a v e r b a l  a n d / o r  n o n v e r b a l  label  
to a g i v e n  o d o r .
D a m a g e  to t e m p o r a l  l o b e  c o r t e x  w a s  f o u n d  to p r o d u c e  
d e f i c i t s  in t h e  o d o r  i d e n t i f i c a t i o n  a n d  o d o r  r e c o g n i t i o n  
f u n c t i o n i n g  of t h e  C V A  s u b j e c t s  In t h i s  s t u d y .  T h i s  is 
c o n s i s t e n t  w i t h  t h e  f i n d i n g s  of J o n e s - G o t m a n  an d  Z a t o r r e  
(1986) w h o  r e p o r t e d  a s i g n i f i c a n t  r o l e  for t e m p o r a l  l o b e  
c o r t e x  in o d o r  i d e n t i f i c a t i o n  f u n c t i o n i n g .  In a d d i t i o n ,  
t h e y  a l s o  r e p o r t e d  t h a t  o r b i t o f r o n t a  1 d a m a g e  ha d  a g r e a t e r  
i m p a c t  u p o n  o d o r  i d e n t i f i c a t i o n  a b i l i t i e s  t h a n  d i d  
t e m p o r a l  l o b e  d a m a g e .  In t h e  c u r r e n t  s t u d y ,  t h e  i m p o r t a n c e  
of th e  c o n t r a s t  b e t w e e n  o d o r  i d e n t i f i c a t i o n  and odor  
r e c o g n i t i o n  is p r e s e n t e d .  O d o r  r e c o g n i t i o n  a b i l i t i e s  w e r e  
less i m p a i r e d  t h a n  o d o r  i d e n t i f i c a t i o n  a b i l i t i e s  in the 
TBI p a t i e n t s ,  w h o  h a v e  m u c h  l e s s  t e m p o r a l  l o b e  d a m a g e  t h a n  
o r b l t o f r o n t a 1 d a m a g e . T h i s  s u g g e s t s  t h a t  t e m p o r a l  
o l f a c t o r y  c o r t i c a l  a r e a s  a r e  i n v o l v e d  in the i n i t i a l  
p r o c e s s i n g  of o d o r s  a n d  for r e c o g n i z i n g  an o d o r  as n o v e l 
or f a m i l i a r ,  but t h a t  o r b i t o f r o n t a 1 c o r t e x  is c r i t i c a l  to 
t h e  p r o c e s s  of i d e n t i f y i n g  s p e c i f i c  o d o r s .  It a l s o  a p p e a r s  
t h a t  o r b i t o f r o n t a  1 c o r t e x  is d e p e n d e n t  u p o n  t e m p o r a l  
c o r t e x  to p e r f o r m  its s o m e w h a t  s p e c i a l i z e d  r o le. T h e  
p r e s e n t  s t u d y ,  t h e r e f o r e ,  p r o v i d e s  a d d i t i o n a l  
u n d e r s t a n d i n g  of the r o l e  t h e s e  b r a i n  a r e a s  p l a y  in 
o l f a c t  1 o n .
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T e m p o r a l  c o r t e x  c a n  perforin the p e r h a p s  l e s s  i n v o l v e d  
t a s k  of r e c o g n i z i n g  p r e v i o u s l y  e n c o u n t e r e d  o d o r s  e v e n  w h e n  
o r b i t o f r o n t a 1 c o r t e x  is d a m a g e d ,  a n d  is a b l e  to p r o v i d e  
l i t t l e  I n p u t  i n t o  t h e  o d o r  r e c o g n i t i o n  p r o c e s s .  T h i s  d o e s  
not, h o w e v e r ,  s u g g e s t  t h a t  t e m p o r a l  o l f a c t o r y  a r e a s  ar e 
i n d e p e n d e n t  of o r b i t o f r o n t a l  a r e a s  for t h e  r e c o g n i t i o n  of 
o d o r s  in t h e  I n t a c t  b r a i n ,  a3 i n d e e d  o d o r  r e c o g n i t i o n  
p e r f o r m a n c e  w a s  a l s o  a f f e c t e d  b y  d a m a g e  to o r b i t o f r o n t a  1 
a r e a s  . R e c a l l i n g  t h a t  t h e  s o m e w h a t  s p e c i a l i z e d  t e m p o r a l  
a nd o r b i t o f r o n t a 1 o l f a c t o r y  a r e a s  a r e  c o n n e c t e d  in a 
r e d u n d a n t  m a n n e r  b o t h  d i r e c t l y  a n d  v i a  t h e  t h a l a m u s  
( K o p a l a  & C l a r k ,  1990; S m i t h  & S h i p l e y ,  19 9 2 ) ,  it is 
p r o b a b l e  t h a t  t h e s e  o l f a c t o r y  a r e a s  m a y  be q u i t e  
i n t e r d e p e n d e n t  w i t h  r e g a r d  to th e  o l f a c t o r y  m e m o r y  
f u n c t i o n i n g  of the i n t a c t  b r a i n .  T h e  e x i s t e n c e  of b o t h  
s p e c i a l i z e d  a n d  i n t e r d e p e n d e n t  o l f a c t o r y  c o r t e x ,  as 
p r o p o s e d  h e r e ,  has b e e n  o b s e r v e d  in o t h e r  b r a i n  a r e a s .  
A u d i t o r y  a n d  v i s u a l  c o r t i c a l  s t r u c t u r e s  h a v e  b e e n  
c a r e f u l l y  m a p p e d  ou t  w i t h i n  the b r a i n .  E v i d e n c e  c o n t i n u e s  
to a c c u m u l a t e  t h a t  t h e s e  c o r t i c a l  a r e a s  a r e  h i g h l y  
I n t e g r a t e d  w i t h i n  e l e m e n t s  of t h e  a u d i t o r y  a n d  v i s u a l  
s y s t e m s .  In a d d i t i o n ,  t h e r e  is m u c h  i n t e g r a t i o n  w i t h  o t h e r  
s e n s o r y  s y s t e m s ,  i n c l u d i n g  t h e  o l f a c t o r y  s y s t e m ,  a n d  w i t h  
a s s o c i a t i o n  c o r t e x  t h a t  f u n c t i o n s  to I n c o r p o r a t e  input 
f r o m  a n u m b e r  of s e n s o r y  m o d a l i t i e s  a n d  c o r t i c a l  a r e a s .
T h e  o l f a c t o r y  s y s t e m  is t h u s  d i s t i n c t  in th e  s e v e r a l  w a y s
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just d e s c r i b e d ,  an d  s i m i l a r  in m a n y  w a y s ,  to o t h e r  s e n s o r y  
s y s t e m s  w i t h i n  t h e  b r a i n .
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P I L O T  S T U D Y
Olfactory Test Refinement and Extension Studies
Subjects
S t a n d a r d i z a t i o n  of t h e  q u a n t i t y  of o d o r a n t s  to be 
u s e d  in t h e  o l f a c t o r y  t a s k s ,  e v a l u a t i o n  of t h e  odor 
i n t e n s 1t y - i d e n t i f l a b i 1 ity r e l a t i o n s h i p  of t h e  o d o r a n t s ,  
a n d  o d o r a n t  d e v e l o p m e n t  s t u d i e s  for t w o  n e w  s e t s  of 
o d o r a n t s  for u s e  in t h e  m a i n  e x p e r i m e n t  of t h i s  
i n v e s t i g a t i o n  w e r e  c o n d u c t e d  u s i n g  162 s u b j e c t s .  
U n d e r g r a d u a t e  s u b j e c t s  e a r n e d  e x t r a  c r e d i t  p o i n t s  for 
c e r t a i n  p s y c h o l o g y  c o u r s e s  as a r e s u l t  of t h e i r  
p a r t i c i p a t i o n  in t h i s  s t u d y .  A t o t a l  of 77 u n d e r g r a d u a t e  
s u b j e c t s  w e r e  e m p l o y e d  in th e  i n i t i a l  o d o r a n t  s e l e c t i o n  
a n d  a d j u s t m e n t  p h a s e  for t h r e e  s e t s  of o d o r a n t s .  F o l l o w i n g  
this s t e p  60 a d d i t i o n a l  u n d e r g r a d u a t e s  w e r e  e m p l o y e d  in a 
s e c o n d  o d o r a n t  a d j u s t m e n t  p h a s e .
A t h i r d  g r o u p  of 25 v o l u n t e e r  s u b j e c t s  f r o m  the 
c o m m u n i t y ,  a g e d  19 to 73 y e a r s  old, c o m p r i s e d  t h e  f i n a l  
g r o u p  of s u b j e c t s  in the t e s t  d e v e l o p m e n t  s t u d i e s .  T h i s  
g r o u p  a l s o  p r o v i d e d  s o m e  p r e l i m i n a r y  n o r m s  for t h e  
c o m p l e t e  t e s t .  T h e s e  25 s u b j e c t s  w e r e  a d m i n i s t e r e d  the 
c o m p l e t e  t e s t  p r o t o c o l  a n d  a f t e r w a r d  m a d e  t h e  f i n a l  
i n t e n s i t y  r a t i n g s  for t h e  e n t i r e  set of i n t e n s i t y  a d j u s t e d  
t e s t  o d o r a n t s .  A  s u b s e t  of t h e s e  s u b j e c t s  (n = 20) s e r v e d  
as m e m b e r s  of the 2 a g e - e q u a t e d  c o n t r o l  g r o u p  in t h e  m a i n
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e x p e r i m e n t .  All 162 s u b j e c t s  r e p o r t e d  b e i n g  f r e e  of n a s a l  
or r e s p i r a t o r y  c o m p l a i n t s  t h a t  c o u l d  I n t e r f e r e  w i t h  t h e i r  
s e n s e  of s m e l l  at t h e  t i m e  of t e s t i n g .  P o t e n t i a l  s u b j e c t s  
w h o  r e p o r t e d  a h i s t o r y  of n e u r o l o g i c a l  d i s o r d e r ,  n a s a l  
c o n g e s t i o n ,  u p p e r  r e s p i r a t o r y  i n f e c t i o n ,  a c o m m o n  c o l d ,  or 
o t h e r  a i l m e n t s  of t h e  n a s a l  or u p p e r  r e s p i r a t o r y  s y s t e m  
we re e x c 1u d e d  .
Preceding
W h i l e  all of t h e  C C C R C  o d o r a n t s  a r e  d e s c r i b e d  as 
b e i n g  at s u p r a t h r e s h o  Id l e v e l s  (C a i n  et a l ., 1986),
d i f f e r e n c e s  in o d o r  i n t e n s i t y  m a y  p l a y  a r o l e  in odor 
i d e n t i f 1a b 1 1 it y  (Doty, 1992) w i t h  w e a k  s m e l l i n g  o d o r s  
d i f f i c u l t  to i d e n t i f y  a n d  s t r o n g e r  s m e l l i n g  o d o r s  m o r e  
e a s i l y  i d e n t i f i e d .  I n t e n s i t y  d i f f e r e n c e s  w e r e  e v a l u a t e d  
a n d  a t t e m p t s  w e r e  m a d e  to m i n i m i z e  p e r c e i v e d  d i f f e r e n c e s  
in i n t e n s i t y  w h i l e  m a i n t a i n i n g  h i g h  l e v e l s  of o d o r  
i d e n t i f i a b i 1 i t y . T h e  e i g h t  C C C R C  o d o r a n t s  a n d  22 
a d d i t i o n a l  o d o r a n t s  w e r e  e x a m i n e d  for use in t h e  m a i n  
e x p e r i m e n t .  T h e  g o a l  of t h e s e  i n i t i a l  s t u d i e s  was to 
a d j u s t  the a m o u n t  of t h e  C C C R C  o d o r a n t s  u n t i l  n o r m o s m i c  
s u b j e c t s  j u d g e d  t h e m  to be of n e a r l y  e q u a l  i n t e n s i t y ,  
w h i l e  m a i n t a i n i n g  n e a r l y  e r r o r  f r e e  i d e n t  1 f 1a b i 1 1 1 y . Th e  
C C C R C  s u b s t a n c e s  w e r e  d e s c r i b e d  as i d e n t i f i a b l e  w i t h  9 5 % 
a c c u r a c y  b y  n o r m a l  s u b j e c t s  ( C a i n  et al, 1 9 8 8 ) .  In 
a d d i t i o n ,  22 n e w  o d o r a n t s  w e r e  s e l e c t e d  a n d  a d j u s t e d  for 
i n t e n s i t y  and i d e n t i f i a b i 1 ity p r o p e r t i e s  c o m p a r a b l e  to the
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C C C R C  o d o r a n t s  for u s e  In a n  e x t e n d e d  e x a m i n a t i o n  o£ 
o l f a c t o r y  f u n c t i o n i n g  in t h e  m a i n  e x p e r i m e n t .
P h a s e  Q n e ;  C C C R C  O d o r - W o r d  O d o r a n t s . T h e  s u b j e c t i v e  
i n t e n s i t y  of t h e  e x p e r i m e n t a l  o d o r a n t s  w e r e  I n i t i a l l y  
a d j u s t e d  b y  t h e  e x p e r i m e n t e r  a n d  an a s s i s t a n t  in a n  e f f o r t  
to m a k e  t h e  s u b s t a n c e s  of n e a r l y  e q u a l  i n t e n s i t y .  T h i s  wa 3  
d o n e  b y  a d d i n g  m o r e  of a g i v e n  w e a k  o d o r o u s  s u b s t a n c e  to 
th e  t e s t  c o n t a i n e r  of t h a t  s u b s t a n c e ,  or b y  r e m o v i n g  s o m e  
of a s t r o n g e r  s m e l l i n g  s u b s t a n c e  f r o m  its c o n t a i n e r  u n t i l  
t h e  r e l a t i v e  i n t e n s i t y  of all t h e  s u b s t a n c e s  to be u s e d  
w e r e  j u d g e d  to be of n e a r  e q u a l i t y .
N e x t ,  12 f e m a l e  a n d  9 m a l e  s u b j e c t s  w e r e  I n d i v i d u a l l y  
a d m i n i s t e r e d  t h e  s t a n d a r d  C C C R C  o d o r a n t s .  In o r d e r  to 
e n h a n c e  t h e  s t a n d a r d i z a t i o n  of t h e  8 C C C R C  s t i m u l i ,  t h e  
f o l l o w i n g  b r a n d  n a m e  p r o d u c t s  w e r e  s e l e c t e d :  I v o r y  s o a p ,
J o h n s o n  a n d  J o h n s o n  B a b y  P o w d e r ,  M c C o r m i c k ' s  g r o u n d  
c i n n a m o n ,  M a x w e l l  H o u s e  c o f f e e ,  Jif p e a n u t  b u t t e r ,  B a k e r ' s  
S e m i - S w e e t  c h o c o l a t e ,  O ' C e d a r  n a p t h e l e n e  m o t h b a l l s ,  and 
V i c k ' s  V a p o  R u b ) .  O n e  p o t e n t i a l  s u b s t i t u t e  o d o r a n t  w a s  
a l s o  e v a l u a t e d ,  c r u s h e d  P l a n t e r ' s  p e a n u t s  (to d e t e r m i n e  
its s u i t a b i l i t y  as a s u b s t i t u t e  for p e a n u t  b u t t e r  w h i c h  
c a n  s p o i l  a f t e r  r e p e a t e d  e x p o s u r e  to air, a n d  l e a k s  p e a n u t  
o i l s  o n t o  the g a u z e  p r o v i d i n g  a c u e  for v i s u a l  
i d e n t i f i c a t i o n ) .  T w o  a d d i t i o n a l  o d o r a n t s  w e r e  e v a l u a t e d  
a l o n g  w i t h  the C C C R C  o d o r a n t s  a n d  w e r e  to be u s e d  as 
d i s t r a c t o r s  in t h e  d e l a y e d  o d o r  r e c o g n i t i o n  t a s k  of t h e
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main experiment. These odorants were Comet Disinfectant 
cleaner with chlorlnol (0.9% sodium dichloro-s 
trlaz 1 netr lone dihydrate) and Switzer Black Licorice (Leaf 
Candy C o .).
Odorants were presented to the subjects in 175ml (6
ounce) (Nagelene Laboratory Supply Company) wide mouth 
opaque plastic jars with screw-on tops. Test materials are 
shown in Figure 10. In addition, each odorant was covered 
with an unfolded 2 inch by 2 inch 12 ply gauze surgical 
sponge, preventing visual ident 1 £ icat I on of the substances 
when the jar was opened. Subjects were required to 
identify the odorant using an odor name list containing 
the test odorants and dlstractors (Figure 11, the CCCRC 
list with bleach and licorice added to this list the 
during test development phase). Subjects sniffed the 
odorant for 3 seconds using both nostrils and then 
selected the odor name from the word list that best 
Identified that smell, as in the standard CCCRC procedure. 
Subjects were allowed 1 additional sniff to identify the 
odor when needed, with a 3 second pause between sniffs.
This pause allowed sufficient time for the olfactory 
receptors to recover from any possible adaptation effects, 
since recovery takes about 2 to 3 seconds following the 
removal of a stimuls (Doty, 1992).
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Figure 10. Test Materials for Experiment and Pilot Study.
After identifying the odorants, subjects then rank 
ordered the 11 odorants from weakest to strongest, with 
the rankings anchored at one end by the description "Weak 
Smelling" and at the other end by "Strong Smelling."
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Q£>QR NAMES
Ammon la Peanut Butter
Baby Powder Pepper (black
Burnt paper Rubber
Chocolate Sard 1nes
Cinnamon Soap (bar >
Cof fee Tobacco
Gar lie Turpenti ne
Ketchup Vicks
Hot hba11s W1 ntergr een
Onl on Woodshav1ngs
Figure 11. Odor-Word List.
Following this step, the amount of each odorant in a given 
container was Increased or decreased until judged by the 
subject as being nearly equal to the intensity level of 
the odorant they assigned the median intensity level for 
the group. The odorants were then weighed. The accuracy of 
identification of odorants and intensity adjusted weights 
were recorded for each subject.
From the second subject on, each subject began the 
identification and ranking procedure using the odorant 
amounts determined from the Intensity adjustments made by 
the previous subject. All substances were replaced every
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two weeks to maintain the strength of the odors (Cain et 
al., 1983).
All of the odors were Identified with 80% or greater 
accuracy using this procedure. Crushed peanuts were found 
to be a good substitute for peanut butter since both were 
c onsistently identified as peanut butter (> 90%). The 
average adjusted weight of each odorant as determined by 
these 21 subjects were taken as starting points and 
divided into four steps each for use in the next phase of 
odorant development. The stronger smelling substances were 
adjusted downward to approach the lower intensity levels 
of weaker smelling substances such as baby powder and 
soap. The adjusted odorants tended to be above the 
threshold level of most subjects after a series of 21 
adjustments. The first step of this group of four 
intensity levels was 50% of the average intensity adjusted 
weight of each substance. This resulted In a just 
detectible level of the odorant for most of the subsequent 
subjects. The second step was 100% of the adjusted 
odorant, while the third and fourth steps were 150% and 
200% of the adjusted weights respectively.
A second series of odorant evaluations and 
adjustments were conducted for this same group of CCCRC 
odor-word odorants. Using the four steps of each odorant,
10 male and 10 female subjects identified, rated for 
intensity, and adjusted the Intensity of each odorant.
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Subjects attempted to Identify the 10 odorants (peanut 
butter was replaced by crushed peanuts) by first sniffing 
step 2 (100% of the adjusted weight) of each odorant for 
three seconds, with at least 3 seconds elapsing between 
odorants. Those odors not identified at this level were
sniffed again for three seconds using step 3 (150% of the
adjusted weight) at the end of the series of step 2 
exposures. Subjects then rated the 10 odorants for 
Intensity from weakest to strongest. Intensity 
adjustments were then made by having subjects select from 
all four steps of each odorant the one Jar judged to be of 
similar intensity to the odorant selected as being of
average intensity for the entire group of odorants (i.e.,
choosing from the odorant rated either 5 or 6 based upon a 
forced choice). Subjects were allowed to sniff each 
odorant step in each odor group for 3 seconds, with a 3 
second pause between sniffs, when making these judgments. 
The accuracy of identification, intensity ratings, and 
intensity adjusted step of each odorant was recorded for 
each s u b j e c t .
P h a s e  T w o ;  Q d o x - P i c t u r e  O d o r a n t s . A  s e c o n d  g r o u p  of 
o d o r a n t s  was  e v a l u a t e d  u s i n g  t he  s a m e  two p a r t  p r o c e d u r e  
as w a s  d e s c r i b e d  in p h a s e  o ne  ( o d o r - w o r d  o d o r a n t s ) .
Subjects who reported normal olfactory functioning (12 
females, and 9 males) smelled a set of odorous substances 
and then identified the odorants by pointing to one of
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twenty pictures of objects or substances associated with 
the odorant (Figures 12.1 and 12.2; These photographs have 
been reduced by 50% from the original size). This set of 
photographs was developed by determining the effectiveness 
of each picture in the identification of a specific 
odorant. Odorant and picture pairs were retained based 
upon their being correctly identified and associated by at 
least 80% of subjects. Ten odor-picture pairs were arrived 
at in the manner described below.
The odorants selected for evaluation in the second 
phase (and the distractor items developed in the third 
phase), came from a candidate pool of possible test 
odorants. This pool of odorants had been found to be of 
similar familiarity and i dentif1a b i 1ity as the original 
CCCRC odorants in studies of two large sets of odorants by 
Doty et al. (1984) and Cain and Krause (1979). In 
preliminary trials several odors were eliminated that 
could not be easily detected or distinguished from other 
odors within the group of odorants being studied. Odorous 
substances with common basic qualities were particularly 
difficult for subjects to correctly Identify, such as 
sweet smelling odors, fruity smelling substances, and 
complex spicy or fragrant odorants.
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Figure 12.1. Odor-Picture Display, left, side
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Figure 12.2. Odor-Plcture Display, right side.
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Initially, 15 odor ant-pictuce combinations were 
identified and the experimenter, an assistant, and 5 
volunteers evaluated these odor stimuli pairs. Effective 
odorants and pictures were retained while ineffective 
stimuli were discarded. Pictures that were not immediately 
recognizable as representative of an odor were substituted 
with a more effective picture. In these cases the odorant- 
picture pairs were eliminated from the pool because they 
were toe difficult to portray visually (e.g., clove, tar, 
gear grease). In other instances the pictures worked 
adequately, but the odors were frequently confused with 
other odors (e.g., cherry flavoring, banana). This process 
resulted in a group of ten odor-picture pairs.
Following the procedures described in phase one, 12 
female and 9 male subjects evaluated these ten odorants. 
Subjects identified and rated the odorants from weakest to 
strongest smelling. They next adjusted the amounts of each 
odorant to match the odorant assigned the average 
intensity rating, and these ratings and amounts were 
recorded. These 10 odor-picture pairs yielded 8CH or 
greater i d e n tifiabi11ty scores. Two of these 10 odorants 
were developed for use as distractors and the remaining 8 
were used in the odor-picture task. As in the odor word 
procedure a trigeminal stimulant (ammonia) was included in
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the Item development phase for the odor-plcture group of 
o d o r a n t s .
Substances for the odor-plcture extension of the 
CCCRC Include the following brand name products: Kraft 
Parmesan cheese, Lipton tea, Molly McButter butter 
substitute, Kiwi shoe polish (black), Crayola crayons, 
Bazooka bubble gum, McCormick's "Bac N Pieces" bacon 
flavor bits, and Johnson and Johnson Amoply ammonia 
inhalant (trigeminal stimulant). Two additional odorants 
that performed well, Brach's peppermint flavor candy, and 
McCormick's orange peel (orange flavoring), were retained 
as dlstractor odorants to be used in the delayed odor 
recognition phase of the main experiment.
Next, 10 male and 10 female subjects identified, 
rated for intensity, and adjusted the amount of each 
odorant by intensity. This procedure was the same as that 
used to refine the odor-word pairs. Each odorant was 
divided into four steps (50% of the previously determined 
weights, 100%, 150%, and 200%) and intensity adjustments
were made using these four steps. In order to maintain 
equality with the previous set of odorants (odor-word 
group), the one odorant from that set of odorants rated as 
being of average intensity (Cinnamon) was compared with 
this group. Subjects were instructed to rank order and 
then equate the remaining substances to match this odorant 
with regard to intensity, during the adjustment phase. The
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i dentif1a b 11ity scores, rank order scores, and intensity 
adjusted weights for this group of ten odorants were 
recorded for each odor substance.
odorants was developed to function as distractors during 
the delayed odor recognition trial of the main experiment. 
Powdered bleach cleaner, licorice, orange, and peppermint 
had been developed as distractors in the two prior test 
development phases. For this third group of odors a word 
list identification method was employed as in phase one. A 
group of 10 male and 10 female subjects participated in 
this phase of the study, after the experimenter, an 
assistant and 5 volunteers had eliminated 7 hard to 
identify odorant candidates. This resulted in a group 10 
odors with adequate (> 75%) identifiabi1 i t y . As in phases 
one and phase two, subjects (20) identified and rank 
ordered the odorants from weakest to strongest and equated 
them for intensity.
Another group of undergraduate subjects, 10 males and 
10 females, were then Involved in the final
identification, intensity rating and four step (50%, 100%,
150% and 200% of each odorant) adjustment process. The 
odorous substance with the mean intensity rating from 
phase two (tea) was used as the target for achieving 
subjective equality with the substances in phase three.
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The distractors substances developed In this stage 
Included: DAP window sash putty, Science Diet dog food, 
Gillette Right Guard stick deodorant original scent, 
McCormick's chili powder, Colgate Original Flavor 
Toothpaste, McCormick's Oregano, Johnson Wax Pledge 
Dusters Furniture Polish Cloths, Domino Dark Brown Sugar, 
Wyler's Instant Bouillon Beef Flavoring, and M c C o r m i c k ’s 
Curry Powder. Identifiabi1 ity scores, intensity rankings 
and adjusted intensity weights were recorded for these 
s u b s t a n c e s .
P h a s e  F o u r : E v a l u a t i n g  t h e  A d j u s t e d  O d o r a n t s
Using the intensity adjusted weights of the 30 test 
odorants, 25 subjects were administered the complete test 
protocol, after which they rated each of the weight 
adjusted odorants for intensity. The subjects for this 
phase of the study included 2 under graduate psychology 
students and 23 volunteers from the community, with ages 
ranging from 19 to 73 years of age. The complete test 
protocol includes an olfactory threshold test described 
below, the word-odor identification task, and the picture- 
odor identification task.
Threshold T e s t : The olfactory threshold test 
utilizes serial aqueous dilutions of n-butyl alcohol 
<99.8% Butanol, Malllnkroft Laborat o r i e s ) to determine the 
olfactory threshold of subjects. The highest aqueous 
concentration was 4% butanol in distilled water and
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a d j a c e n t  c o n c e n t r a t i o n s  w e r e  d i l u t e d  w i t h  t h r e e  p a r t s  
d i s t i l l e d  w a t e r  to o n e  p a r t  of t he  p r e v i o u s  s o l u t e  step.  
T h e r e  w e r e  t e n  d i l u t i o n  s t e p s  of b u t a n o l  in th e t h r e s h o l d  
t es t,  w i t h  c o n c e n t r a t i o n s  r a n g i n g  f r o m  4% b u t a n o l  to 
0 . 0 0 0 0 0 0 2 %  b u t a n o l ,  t h e  w e a k e s t  d i l u t i o n  ste p .
Subjects who took the complete test protocol began 
threshold testing with the presentation of 60 ml of the 
butanol solutions in squeezeable plastic bottles with 22S 
ml capacities. The bottles were equipped with pop-up 
spouts and were presented just below the nostril for 
monorhinic testing. Subjects would occlude one nostril as 
the examiner squeezed the bottle firmly and gradually for 
three seconds, producing a release of the butanol vapors 
into the subject's nostril as they inhaled. In each trial, 
the subjects were presented with two bottles, one with the 
odorant and the other a blank, containing 60 ml of 
deionized water. Subjects were instructed to choose the 
bottle with the stronger smell by sniffing from both 
bottles in a like manner.
The subjects first received a demonstration of the 
squeeze and sniff procedure using the blank container. 
Testing began with dilution step 10, and progressed upward 
toward less diluted steps depending upon the outcome of 
each trial. In order to determine the butanol threshold, 
after each trial the blank and the solute bottles were 
removed from the subject's view. If the subject had chosen
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correctly in a trial, the same concentration and the blank 
were presented again in quasi-random order following a 
Gellerman series (1933), 3 more times. If the subject
chose incorrectly during any of four trials at a given 
concentration, the next higher c o n c e n t r a t 1 on and a blank 
were presented. Four correct choices at a given 
concentration constitutes the criterion for the 
determination of threshold. Both nostrils are tested in 
this manner while the other nostril is held closed by one 
of the subject's fingers. The order of testing was 
c o u n t e r -b a I a n c e d , with one-half of those taking the 
complete test protocol being tested in the right nostril 
first and the other half tested in the left nostril first. 
C o u n t e r b a 1ancing was observed for the odor i d e n t 1fication 
and recognition tasks as well, and followed the pattern 
determined by the threshold task.
Following the threshold testing, an odor 
identification task was conducted in which subjects 
identified odorants using the odor-word list for the left 
nostril odor-word odorants, and the odor-picture display 
for the right nostril odor-picture odorants. A fifteen 
minute demographic information gathering and medical 
history interview was conducted next. This interview also 
functioned as a delay period. Subjects then completed a 
delayed odor recognition task in which the odor-word and 
odor-picture substances were compared with a novel odorant
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(dlstractor) and subjects were required to indicate which 
of the two odors they had smelled previously. Upon 
completion of the recognition task subjects Identified the 
dlstractor odors using a word list procedure and rated the 
Intensity of each odorant a metric similar to that 
employed In the odorant development phases (1 - weakest,
10 ■ strongest). The complete test protocol is described 
In greater detail in the main experiment procedure 
section. Twenty (20) of these subjects took the standard 
test protocol again (threshold. Identification, and 
delayed recognition tasks) after a period of four to six 
weeks in an examination of test stability.
Results
The percentage of correct Identification scores, 
Intensity rankings, and the adjusted weights of the three 
sets of odorants are presented In Table 7. These results 
represent the findings produced by the second group of 
subjects In each of the three phases of the test 
development. This was the step which occured after the 
odorants had been selected, based upon adequate 
Ident1fiabi11ty (> 75\), and adjusted for Intensity by the 
Initial group of subjects. The percentage of correct 
Identifications for each odorant, the mean Intensity 
rating, and the mean adjusted weight for each odorant are 
reported. Twenty subjects identified, rated and adjusted
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th e f i r s t  t e n  o d o r a n t s ,  20 s u b j e c t s  e v a l u a t e d  t h e  n e x t  10, 
a n d  20 t h e  t h i r d  10, for a t o t a l  of 60 s u b j e c t s  i n v o l v e d  
In t hi s p r o c e d u r e .
T a b l e  7. O d o r a n t  I d e n t i f i c a t i o n ,  I n t e n s i t y  R a t i n g s ,  and 
A d j u s t e d  W e i g h t  for t he  T h r e e  S e t s  of O d o r a n t s .
O D O R A N T  \ C O R R E C T  M E A N  I N T E N S I T Y  A D J U S T E D
W E I G H T
O d o r - W o r d  O d o r a n t s
Baby Powder 85 3 . 30 6 . 0 0 gr ams
Chocolate 80 3 . 50 3 . 1 5 g
Ci nnamon 95 4 . 0 0 0 . 75 g
Coffee 100 . 15 1 . 22 g
MothbalIs 90 5 . 70 0 . 2 5 g
Peanuts 95 4 . 1 5 2 . 00 g
Soap 85 2 . 85 1 0 .  00 g
V i c k 's Vapo Rub 100 7 . 35 0 . 10 g
Distractor Odorants
Come t 100 5 . 20 9 . 25 g
L i c o r 1ce 85 3 . 25 6 . 00 g
Dog Food 95 5 . 00 6 . 00 g
Putty 75 3 . 1 5 1 0 . 0 0 g
Deod or ant 100 6 . 6 5 1 . 10 g
Chill Powder 95 6 . 6 0 0 . 9 5 g
Peppermi nt 85 3 . 8 5 5 .  25 g
Toothpaste 1 0 0 5 . 8 5 0 . 1 5 g
Brown Sugar 70 3 . 25 1 1 . 2 5 g
Furniture Polish 1 0 0 8 . 4 0 0 . 50 g
Beef Bou i11 on 90 5 . 30 2 . 80 g
Oregano 85 6 . 2 5 0 . 50 g
Curry Powder 75 4 . 7 0 2 . 80 g
Orange Peel 80 3 . 75 1 . 50 g
Odor-Picture Odorants
Cheese 95 5 . 26 0 . 80 g
Tea 95 5 . 25 7 . 50 g
Butter 85 3 . 80 2 . 20 g
Shoe Polish 95 6 . 9 0 0 . 40 g
Bubble G u m 90 4 . 80 0 . 80 g
Bacon Bits 100 6 . 30 1 . 00 g
Crayon 90 5 . 20 1 . 50 g
Ammon 1 a 100 8 . 70 0 . 30 g
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There was no effect for gender for the identiflcation 
of odors In thi3 sample. For the entire set of odorants 
females correctly Identified 91.72% of the odor, and males 
correctly identified 90.42%. The odor-word odorants 
(91.25% correct, sd = 7.44) the plcture-odor odorants 
(93.75% correct, sd = 5.17) and the distractor odorants 
(80.21% correct, sd = 10.48) were all identified with a 
high level of accuracy. There was a moderate relationship 
between odorant ide n t i f 1a b i 1 ity and odor intensity for the 
entire set of 30 odorants (r - .48, p> .05).
Using the mean adjusted weight of each odorant, the 
odor identification scores and odor Intensity ratings 
obtained in Phase Four, for 25 adult volunteer subjects 
(age 19 to 73 years old), produced similar results (mean 
identification = 90.51%). The relationship between 
intensity and i dentif1a b i 1 ity (r = .46, p>.05) remained
moderate and of similar magnitude despite efforts to 
diminish this relationship. Gender differences were not 
evident for these subjects either. Age was negatively 
correlated with identification, but this relationship 
failed to reach significance. The performance of these 
subjects can be seen in Table 4, where they functioned as 
control subjects, matched for age with either TB1 of CVA 
pat i e n t s .
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The three measures o£ olfactory functioning assessed 
by this extended procedure yielded results similar to 
those of the shorter CCCRC. Threshold scores for both 
n o s t r 1 Is were similar {Right nostril X = 5.53, sd = 1.12; 
Left Nostril X = 5.46, sd = 1.50), but lower than the 
average threshold of 7 reported by Cain et al, (1988), for 
the CCCRC subjects.
Despite these lower threshold scores, this group of 
subjects produced left nostril odor-word ident 1ficat 1 on 
scores for the 7 CCCRC substances (the trigeminal 
stimulant Vick's was excluded from analysis) very similar 
to those reported by Cain et al., (1988): (X = 6.21, sd =
.82; versus 6 to 7 out of 7 odorant correct for 85% of 
normal subjects). Further, scores for the right nostril 
odor picture substances reflected a similar high level of 
accurate identification by these subjects (X = 6.23, sd - 
.79). A comparison of group means (t test for means) for 
the two sets of odorants indicated that they did not 
differ. Left nostril delayed odor recognition scores (X = 
6.42, sd = .81) and right nostril delayed recognition
scores (X = 6.38, sd = ,93) were also quite similar.
Three smokers with a long history of tobacco use (>
20 years) were Included in this sample, all of whom had 
threshold scores of step 5, or above for either nostril 
and Identiflcation scores of 6 to 7 for each set of 7
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odorants. One heavy smoker identified, and after a delay 
recognized, all of the odorants without error.
Reliability of the expanded olfactory test was found 
to be satisfactory in an examination of test performance 
for the control subjects who took the complete test. The 
30 odorants had adequate internal consistency using the 
Kuder-Richardson procedure (r - .80) with regard to the
identifiabi1 ity of the odorants. Internal consistency for 
the odor recognition task was also adequate (r = .87).
Twenty of these 25 subjects took the test a second time 
from a period of four to six weeks following the first 
testing. Scores were moderately stable over time for these 
subjects with regard to threshold scores (r = .51, p> .05)
identification scores (r = -79, p > .05), and recognition
scores (r - .77, p > .05). These rather moderate
correlations are likely due to a ceiling effect, in that 
nearly all of the subjects had close to complete accuracy 
on both the first and second administrations of the test.
D i s c u s s i o n
The present results improve the standardization of 
the CCCRC odorants with regard to the amount of each 
odorant used in testing suprathreshold odor identification 
ability. An extension of the CCCRC procedure was developed 
which provides a nonverbal dimension that is highly 
compatible with the CCCRC verbal odor identification test
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having similar odor identifiabi1ity properties. This 
nonverbal format can be useful in certain clinical or 
research situations when verbal responses may be 
restricted or unwanted. In addition, a delayed odor 
recognition procedure was developed that follows a 
somewhat typical delayed memory testing format common to 
frequently used tests of verbal and visual memory 
functioning (Lezak, 1983). Quantification of the 
stimulants and standardization of the procedures used in 
these extensions are provided, which will aid in the 
further study of this approach to testing disturbances of 
the sense of smell.
While not the primary focus of this study, the steps 
involved in refining and extending this methodology have 
yielded some interesting tentative observations. Tentative 
in the sense that while many subjects were involved in the 
several phases of test development, the total number of 
subjects in the final normative sample (N = 25) is 
relatively small. S p e c i f i c a 1 l y , gender differences were 
not observed in the performance of either the student 
subjects or the adult subjects In the test development and 
normative subject samples. This is In contrast to other 
studies in which females tend to outperform males with 
regard to odor ident1f l c a t 1 on (Cain et al., 1988 ).
Further, the trend for olfactory ability to decline with 
age was observed in the normal control subjects with a
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modest negative relationships between age and olfactory 
identification and recognition abilities. However, these 
relationships did not reach significance in this sample. 
This is likely the result of the sample size being rather 
limited (N = 25). In a larger sample the usual female 
superiority and age related decline in olfactory 
functioning would likely be evident using the procedures 
employed in this study, given the commonly reported 
finding of gender and age related decline in the olfactory 
literature. Cain et a l . (1988) failed to find gender or
age differences in a clinical population, but did observe 
the more typical findings in 229 normal controls.
Intensity and odor i d e ntifiab1 1 ity were only 
moderately related in this study. Efforts to minimize this 
relationship were not part iculaty fruitful. The 
relationship between Intensity and odor Identification was 
r = .<8 after 60 subjects had rated and adjusted each
odorant for Intensity. In a subsequent step 25 additional 
subjects rated the intensity of these same odorants. This 
process had little effect in diminishing the intenslty- 
identifiabi11ty relationship yielding a correlation 
coefficient of r = .46.
This apparent rather stable 1nt e n s i t y -I d e n t i f i a b i 1 ity 
relationship may reflect Inherent intensity properties of 
the odorants used. That is, at above threshold intensity 
levels, weak smelling, intermediate intensity, and strong
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smelling odors, may be little changed by Increasing or 
decreasing the amount of odorant used. Some initial 
adjustments were possible, but beyond that, efforts to 
further equate the intensity levels of the odorants used 
in this study were of little value. This is consistent 
with Doty's (1992) observation that at above threshold 
levels odor Intensity considerations are of debateable 
value for tests designed primarily for clinical purposes. 
Doty's (199 2) view is that the standard 1 z a t 1 on of test 
procedures, and the use of above threshold levels of 
easily identifiable odorants, are the important elements 
in olfactory test development. The present results tend to 
support this position.
For the normative sample (N = 25 adults age 19 to 73 
years old) the left and right nostrils produced similar 
scores for the threshold test, the odor identification 
test, and the odor recognition test when the nostrils were 
tested separately. The right nostril advantage reported in 
some studies (Zatorre & Jones-Gotman, 1990) was not 
observed in the present study.
An issue related to the possible lack of a right 
nostril superiority finding is odor crossover during 
unilateral testing. It has been observed that in 
unilateral testing odors can be detected by the nostril 
contralateral to the one being tested via the crossing of 
an odorant within the nasopharynx. Doty (1992) has
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recommended a method to minimize this crossing that 
involves taping one nostril with a nonporous tape while 
the other nostril is being tested to block this undesired 
retronasal route of odor identification. This approach is 
contrasted with the more common procedure of having the 
subject close one nostril with a finger tip while the 
other nostril is tested which may distort the nasal septum 
of the open nostril and reduce odor sensation. The 
superiority or benefit of the taping procedure relative to 
the finger occlusion method has not be evaluated, but may 
add a measure of increased accuracy to test results. In 
the present study, the approach utilized was the CCCRC 
procedure in which subjects gently occluded the nostril 
not being tested with a finger tip. Clinical findings tend 
to support the utility of this method of unilateral 
nostril testing in that unilateral deficits can be readily 
detected using this approach. More subtle unilateral 
deficits may be influenced by intranasal crossover, 
however this is an open question.
Regarding the threshold scores, those found for the 
normative group in the present study were approximately 1 
dilution step below those reported by Cain et al. (1963), 
and Cain et al. (1968). Both studies reported average 
threshold scores at the 7th dilution step for butanol. In 
the present study subjects had average threshold scores at 
the 6th dilution step, with a left nostril mean of step
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5.85 (sd = 1.39), and a right nostril mean of 5.97 (sd = 
1.21). The basis for this one step difference Is not 
clear. One possibility Is that It may reflect a regional 
difference In the prevalence of nasal allergy in that the 
subjects in this study were tested in the southeast and 
the CCCRC subjects were tested In the northeast. Most of 
the subjects In the present study reported a history of 
nasal allergies although no subjects with acute symptoms 
were included, based upon pretest screening questions 
specifically addressing this question. It was in fact 
quite rare for potential subject to indicate no lifetime 
history of nasal allergy.
Reliability of the extended olfactory test appeared 
to be adequate in this sample. Internal consistency for 
odor I d e n tifiabi1ity for the complete set of 30 odorants 
(odor-word, odor-picture, and dlstractor odorants) was 
found to be acceptable (r = .80) and Indicated that
individual items consistently measured a common olfactory 
ability.
Test stability was also adequate, but varied across 
tasks. Subjects were retested from 4 to 6 weeks after the 
first administration of the test, and threshold scores 
were moderately stable (r = .51). Odor identification
scores were somewhat more stable over time (r = -T9, as
were recognition scores (r = .11). These measures of
olfactory test reliability are somewhat lower than those
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reported by Cain et a l . (1988), and Doty (1984) for the
original CCCRC (r = .90) and the UPSIT (r = .91), 
respectively. However, clinical subjects were not included 
in this examination of test reliability, and the normal 
subjects that were tested tended to score at the upper 
range of the three measures of olfactory functioning. This 
resulted in a restricted range of scores, clustering at 
the upper limit of test sensitivity. This is not 
unexpected since the test was designed to evaluate 
olfactory disorders and not measure olfactory acuity 
within normal populations. Subsequent studies of 
reliability should focus upon clinical groups in which 
olfactory test performance is more variable and the 
findings likely to be more meaningful with regard to the 
clinical use of the test. Despite this important issue the 
current results do suggest an adequate degree of test 
stability and provides encouragement for further study 
within clinical groups (e.g., stroke, head injury, 
neurological disease, and upper respiratory disorder 
gr o u p s ).
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